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CHART 2 

EXECUTIVE COMMITTEE and AMAC DISPOSITION OF CRITICAL QUESTIONS 
FOR CONSTRAINED* AND ROBUST** PROGRAMS 
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CHART 3 

Requirements for Ground-based Reeeerch end Flight Platforms 
For Constrained* and Robust** Programs 
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CHART 3 

Requirements for Ground-besed Research and Flight Platforms 
For Constrained* and Robust** Programs 
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CHART 3 

Requirements for Ground-based Research and Flight Platforms 
For Constrained* and Robust** Programs 
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TABLE 1 


CRITICAL QUESTIONS FROM ALL LIFE SCIENCES DIVISION 

DISCIPLINE SCIENCE PLANS 


CATEGORIES 

1 = Environmental Health and Life Support Systems (EHLSS) are designed to protect the crew from inhospitable space and 

planetary environments. 

2 = Countermeasure Systems (CS) are designed to continuously compensate for detrimental physiological and behavioral 

manifestations of the space environment (e g., microgravity, confined volume, radiation). They must provide acceptable 
mission performance and postflight recovery when: (1) EHLSS designed to provide habitable environmental conditions 
for the crew are not totally feasible because of mission design or inadequately of scientific or technological basis, or 
where cost and schedule are prohibitive; or (2) partial EHLSS failures occur, until appropriate remedial action is taken. 

3 = Medical Care Systems (MCS). designed to handle illness and injuries based on probability of occurrence, restore crew 

health for continued mission performance, or stabilize an ill or injured crewmember for rescue. MCS are also designed to 
handle illness or injuries resulting from failure, degradation, or maintenance of EHLSS or CS systems, but only temporarily 
until function is restored to the EHLSS. 

4 = Science Specifically enabled by Moon and/or Mars Missions. 

5 = Basic Research Not Directly Applicable to Moon and/or Mars Missions. 

= Indicates primary category of application. 


CRITICALITY 

Criticality 1: Consensus that answer is required for Mars mission, (known effect and known problem for mission).* 

Criticality 2: Answers might be required, science basis to evaluate risk is not adequate.* 

Criticality 3: Required for practical optimization of resources (or countermeasure effectiveness) and minimization of risk. 
Criticality 4: Important science which is relevant to exploration mission. 

•Crewmembers must be able to effectively perform mission tasks in transit vehicles and on planetary surfaces; and must recover in 
a reasonable time from any detrimental effects to lead normal, healthy lives upon return to earth. 


1. 

Science Readiness Levels 

10. 

Centrifuge 



i. 

Only folklore of practitioners and anecdotal data available 


x - 

SSF Centrifuge Facility would be used 


2 

Basic scientific concept formulated 

11. 

Free Flyer 



a 

Ground models developed, flight validation required 


x 
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4. 

Flight validation performed 

12 

Lunar Base 



5. 

Countermeasures identified 


x - 

Lunar base would be used 


a 

Countermeasures tested 

13. 

Robotic Explorer 


7. 

Operational requirements established 


x * 

Robotic explorer would be used 
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Technology Readiness Levels 

14. 

Other Requirements 


1. 

Technology need identified 


x « 

Requirement for flight resources other then those 


2 

Technology and conceptual solution available 



identified in 6-10 
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Component and/or breadboard validation in laboratory 
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Table 1 Critical Questions From All Life Sciences 

Division Discipline Science Plans 
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How are risks associated with acute exposure to 
space radiation to be managed medically? 

What pharmacological agents should be developed 
and tested as prophylactic agents for low LET? 

PLANT BIOLOGY/Gravity Perception, Trar 

What are the mechanisms that underlie gravity 
perception? 

What are the sequential events in gravity 
transduction and response? 

How does a single cell sense gravity? 

What are the thresholds required for gravity to 
have an effect? 

What changes in the routes of perception, 
transduction and response occur in microgravity? 

What are the differences, if any, between species 
and their tissues in their perception and responses 

to gravity? 

PLANT BIOLOGY/Reproduction and Devel< 

Can plants successfully reproduce through more 
than one generation in space? 

Is chromosomal integrity and behavior during cell 
division affected in microgravity? 

Is cell, tissue, or organ differentiation affected in 
microgravity? 

What effect does microgravity have on 
embryogenesis and the ensuing stages of the life 
cycle of plants from maturity to flowering and 
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Table 1 Critical Questions From All Life Sciences 

Division Discipline Science Plans 
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Critical Question 1 

How has the formation and evolution of primitive 
bodies modified the distribution, structure, and 
composition of pre-existing compounds and phases 
and provided mechanisms for production of new 
species? 

What is the distribution, structure and composition 
of presolar and nebula products in existing 
primitive materials in the solar system? 

In terms of the fluxes of matter and energy that 
maintain disequilibrium conditions, what universal 
metrics can be developed for assessing the 
potential of different microenvironments to 
support the origin and evolution of life? 

What bounds do the energetics and dynamics of 
accretion and core formation place on the time 
when surface temperatures became suitable for 
the occurrence of liquid water? 

What fluxes of intact organic compounds could have 
been supplied to the Earth's atmosphere and 
surface waters by accretion of cometary or 
carbonaceous chondritic material? 

What geological settings were conducive to the 
origin of life? 

What were the earliest products of the interaction 
of liquid water or atmospheric gasses or both with 
crustal rocks? 

What minerals were available as potential chemical 
catalysts in the boundary regions? 
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TABLE 2 


CRITICAL QUESTIONS LISTED BY CATEGORY AND CRITICALITY 


CATEGORIES 

1 * Environmental Health and Life Support Systems (EHLSS) are designed to protect the crew from inhospitable space and 

planetary environments. 

2 - Countermeasure Systems (CS) are designed to continuously compensate for detrimental physiological and behavioral 

manifestations of the space environment (e g., microgravity, confined volume, radiation). They must provide acceptable 
mission performance and postflight recovery when: (1) EHLSS designed to provide habitable environmental conditions 
for the crew are not totally feasible because of mission design or inadequately of scientific or technological basis, or 
where cost and schedule are prohibitive; or (2) partial EHLSS failures occur, until appropriate remedial action is taken. 

3 - Medical Care Systems (MCS), designed to handle illness and injuries based on probability of occurrence, restore crew 

health for continued mission performance, or stabilize an ill or injured crewmember for rescue. MCS are also designed to 
handle illness or injuries resulting from failure, degradation, or maintenance of EHLSS or CS systems, but only temporarily 
until function is restored to the EHLSS. 

4 ■ Science Specifically enabled by Moon and/or Mars Missions. 

5 - Basic Research Not Directly Applicable to Moon and/or Mars Missions. 

* * Indicates primary category of application. 


CRITICALITY 

Criticality 1: Consensus that answer is required for Mars mission, (known effect and known problem for mission).* 

Criticality 2: Answers might be required, science basis to evaluate risk is not adequate.* 

Criticality 3: Required for practical optimization of resources (or countermeasure effectiveness) and minimization of risk. 
Criticality 4: Important science which is relevant to exploration mission. 

Xrewmembers must be able to effectively perform mission tasks in transit vehicles and on planetary surfaces; and must recover in 
a reasonable time from any detrimental effects to lead normal, healthy lives upon return to earth. 
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TABLE 3 

ALL CRITICAL QUESTIONS WHICH REQUIRE GROUND-BASED RESEARCH 


CATEGORIES 

1 * Environmental Health and Life Support Systems (EHLSS) are designed to protect the crew from inhospitable space and 

planetary environments. 

2 * Countermeasure Systems (CS) are designed to continuously compensate for detrimental physiological and behavioral 

manifestations of the space environment (e g., microgravity, confined volume, radiation). They must provide acceptable 
mission performance and postflight recovery when: (1) EHLSS designed to provide habitable environmental conditions 
for the crew are not totally feasible because of mission design or inadequately of scientific or technological basis, or 
where cost and schedule are prohibitive; or (2) partial EHLSS failures occur, until appropriate remedial action is taken. 

3 * Medical Care Systems (MCS), designed to handle illness and injuries based on probability of occurrence, restore crew 

health for continued mission performance, or stabilize an ill or injured crewmember for rescue. MCS are also designed to 
handle illness or injuries resulting from failure, degradation, or maintenance of EHLSS or CS systems, but only temporarily 
until function is restored to the EHLSS. 

4 * Science Specifically enabled by Moon and/or Mars Missions. 

5 » Basic Research Not Directly Applicable to Moon and/or Mars Missions. 

* s Indicates primary category of application. 


CRITICALITY 

Criticality 1: Consensus that answer is required for Mars mission, (known effect and known problem for mission).* 

Criticality 2: Answers might be required, science basis to evaluate risk is not adequate.* 

Criticality 3: Required for practical optimization of resources (or oountermeasure effectiveness) and minimization of risk. 
Criticality 4: Important science which is relevant to exploration mission. 

•Crewmembers must be able to effectively perform mission tasks in transit vehicles and on planetary surfaces; and must recover in 
a reasonable time from any detrimental effects to lead normal, healthy lives upon return to earth. 


1. Science Readiness levels 

1. Only folklore of practitioners and anecdotal data available 

2 Basic sdentific concept formulated 

3 Ground models developed, flight validation required 

4 Flight validation performed 

& Countermeasures identified 

& Countermeasures tested 

7. Operational requirements established 
2 Technology Readiness Levels 
1. Tec hn ology need identified 

2 Technology end conceptual solution available 
2 Component andtor breadboard validation in laboratory 
environment exist 
4 Flight validation performed 

2 Systems/subsystem prototype demonstration in a relevant 
ground or space environment completed 
& System prototype demonstrated in a space environment 
7. Actual system completed and flight qualified through test and 
Demonstration 

& Actual system tight proven* through successful mission 
operations 

2 Schedule (Information required by) 

1. « Near term < 5 years 

2 - Mkl term 6-10 years 

2 • Far term > 10 years 

4 Effort Required 

1. a Substantial 

2 a Moderate 

2 a Low 

a Defined Sequence (Clearly defined sequential path for sdentific 
investigation exists) 

1. • Yes 

2 . No 

a Parallel/Alternative Path (are paraftei or alternative pathways 
appropriate) 

1. . Yes 

2 - No 

7. Ground-based 

x a Ground-based research required 

a Speoelab 

x a Spacelab would be used for research 

EDO a Speoelab needed for Extended Duration Obiter 

Program research 

ft SSF 

x > Space Station Freedom would be used 


10. Centrifuge 

x a SSF Centrifuge Facility would be used 

11. Free Flyer 

x a Free flyer biosatellite 

12 Lunar Base 

x a Lunar base would be used 

12 Robotic Explorer 

x a Robotic explorer would be used 

14 Other Requirements 

x a Requirement for flight resources other then those 

identified in 6-10 

15 Flight Validation Required 

1. - Flight validation required 

2 » Not required 

12 Facilities Sufficient 

1. a Current ground facilities (NASA Centers, Universities 
and proride industry) are sufficient. 

2 a Current ground facilities insufficient 

17. Community Sufficient 

1. a There is a sufficient scientific community already 

oo m mittod or reoni table 

2 * Sdentific community is insufficient 

12 Attract New Community 

1. a Activity will attract new scientists 

2 - Activity will not attract new scientists 

ift Group with other disciplines (can this activity be grouped with 
others from different life science disciplines?) 

I. a No, cannot be grouped 

2 a Do not know at hit time 

2 a Behavior, Performance and Human Factors 

4 « Regulatory Physiology 

& - Cardiopulmonary 

2 - Environmental health 

7. a Musculoskeletal 

2 a Neuroscience 

ft a Radiation Health 

10. a Cell and Developmental Biology 

II . a Plant Biology 

12 * Life Support 
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TABLE 4 


CRITICAL QUESTIONS THAT WOULD UTILIZE SPACELABS LISTED BY CATEGORY 

AND CRITICALITY 


CATEGORIES 


Environmental Health and Life Support Systems (EHLSS) are designed to protect the crew from inhospitable space and 

planetary environments. , . . . . . . u . . , 

Countermeasure Systems (CS) are designed to continuously compensate for detrimental physiological and behavioral 

manifestations of the space environment (e.g., microgravity, confined volume, radiation). They must provide acceptable 
mission performance and postflight recovery when: (1) EHLSS designed to provide habitable environmental conditions 
for the crew are not totally feasible because of mission design or inadequately of scientific or technological basis, or 
where cost and schedule are prohibitive; or (2) partial EHLSS failures occur, until appropriate remedial action is taken. 
Medical Care Systems (MCS), designed to handle illness and injuries based on probability of occurrence, restore crew 
health for continued mission performance, or stabilize an ill or injured crewmember for rescue. MCS are also designed to 
handle illness or injuries resulting from failure, degradation, or maintenance of EHLSS or CS systems, but only temporarily 
until function is restored to the EHLSS. 

Sdenoe Specifically enabled by Moon and/or Mars Missions. 

Basic Research Not Directly Applicable to Moon and/or Mars Missions. 

Indicates primary category of application. 


CRITICALITY 

Criticality 1: Consensus that answer is required for Mars mission, (known effect and known problem for mission). 

Criticality 2: Answers might be required, science basi6 to evaluate risk is not adequate.* 

Criticality 3: Required for practical optimization of resources (or countermeasure effectiveness) and minimization of risk. 
Criticality 4: Important science which is relevant to exploration mission. 

•Crewmembers must be able to effectively perform mission tasks in transit vehicles and on planetary surfaces; and must recover in 
a reasonable time from any detrimental effects to lead normal, healthy lives upon return to earth. 


1 Science Readiness Levels 

1. Only folklore of practitioners and anecdotal data available 

2 Basic scientific concapt formulated 

3 Ground models developed, flight validation required 

4 Flight validation performed 

& Countermeasures identified 

& Countermeasures tested 

7. Operational requirements established 

2 Technology Readiness Levels 

1 . Technology need identified 

2 Technology and conceptual solution available 
a Component andtor breadboard validation in laboratory 
environment exist 
4 Flight validation performed 

& Systems/subsystem prototype demonstration in a relevant 
ground or space environment completed 
& System prototype demonstrated in a space environment 
7. Actual system completed and flight qualified through test and 
Demonsfration 

a Actual system "flight provan* through successful mission 
operations 

a Schedule (information required by) 

1 . - Near term < S years 

2 » Mid term 6-10 years 

a • Fsr term > 10 years 

4 Effort Raquired 

i. . Substantial 

2 ■ Moderate 

a - Low 

& Defined Sequence ( Cl ta r ty defined sequential path for sdantiflc 
investigation txiste) 

t • Yaa 

2 - No 

a ParaRaVAItamativa Path (are paraflal or altemattva pathways 
appropriate) 

1. . Yas 

2 .No 

7. Ground-based 

x . Ground-based research raquired 

a Spaceiab 

x . Spaceiab would ba used for reaaerch 

EDO . Specalab n a ade d for Extendsd Duration Orbitar 
Program rsasanh 

a SSF 

x . Space Station Freedom would be used 


10. Centrifuge 

x - SSF Centrifuge Facility would be used 

11. Free Flyer 

x - Free flyer biosateliite 

12 Lunar Base 

x - Lunar base would be used 

ia Robotic Explorer 

x • Robotic explorer would be used 

14 Other Requirements 

x . Requirement for flight resources other then those 

kterai6tdin8-i0 

15 Fight Validation Required 

1. . Right validation required 

2 .Not required 

ia Facilities Sufficient 

1. - Current ground facilities (NASA Centers, Universities 

and prcMda industry) are suffident 
2 . Current ground fadlities insufficient 

17. Community Sufficient 

1. . There is e sufficient scientific community already 

committed or remitebie 

2 - Scientific community is insufficient 

18. Attract New Community 

1 . . Activity will attract new scientists 

2 > Activity wM not attract new scientists 

19 . Group with other disciplines (can this activity be grouped with 
others from different lie sdenoe disciplines?) 

I. . No, cannot be grouped 

2 . Do not know at his time 

2 . Behavior, Performance and Human Factors 

4 . Regulatory Physiology 

6 • Cardiopulmonary 

8 « Environmental health 

7 m Mnsmlnikalstal 

& « Neurosdenoe 

6 . Radiation Health 

10. - del and Developmental Biology 

II. « Plant Biology 

12 • life Support 
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Listed by Category and Criticality 
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TABLE 5 


CRITICAL QUESTIONS THAT WOULD UTILIZE SPACE STATION FREEDOM (SSF) 

LISTED BY CATEGORY AND CRITICALITY 


CATEGORIES 

1 * Environmental Health and Life Support Systems (EHLSS) are designed to protect the crew from inhospitable space and 

planetary environments. 

2 - Countermeasure Systems (CS) are designed to continuously compensate for detrimental physiological and behavioral 

manifestations of the space environment (e.g., microgravity, confined volume, radiation). They must provide acceptable 
mission performance and postflight recovery when: (1) EHLSS designed to provide habitable environmental conditions 
for the crew are not totally feasible because of mission design or inadequately of scientific or technological basis, or 
where cost and schedule are prohibitive; or (2) partial EHLSS failures occur, until appropriate remedial action is taken. 

3 * Medical Care Systems (MCS), designed to hand© illness and injuries based on probability of occurrence, restore crew 

health for continued mission performance, or stabilize an iU or injured crewmember for rescue. MCS are also designed to 
handle illness or injuries resulting from failure, degradation, or maintenance of EHLSS or CS systems, but only temporarily 
until function is restored to the EHLSS. 

4 • Science Specifically enabled by Moon and/or Mars Missions. 

5 - Basic Research Not Directly Applicable to Moon and/or Mars Missions. 

* Indicates primary category of application. 

CRITICALITY “ -- 


Criticality 1: Consensus that answer is required for Mars mission, (known effect and known problem for mission).* 
Criticality 2: Answers might be required, science basis to evaluate risk is not adequate.* 

Criticality 3: Required for practical optimization of resources (or countermeasure effectiveness) and minimization of risk. 
Criticality 4: Important science which is relevant to exploration mission. 


'Crewmembers must be able to effectively perform mission tasks in transit vehicles and on planetary surfaces; and must recover in 
a reasonable time from any detrimental effects to lead normal, healthy lives upon return to earth. 


1. Science Readiness Levels 

1. Only folklore of practitioners and anecdotal data availaae 
2 Basic scientific concept formulated 
2 Ground models developed, flight validation required 

4. Flight validation performed 

2 Countermeasures identified 

& Countermeasures tested 

7. Operational requirements established 
2 Technology Readiness Levels 
1. Technology need identified 

2 Technology and conceptual solution available 
2 Component and/or breadboard validation in laboratory 
environment exist 
4. Flight validation performed 

5 Systems/subsystem prototype demonstration in a relevant 
ground or space environment completed 

2 System prototype demonstrated in a space environment 
7. Actual system completed and flight qualified through test and 
Demonstration 

6 Actual system "flight proven” through successful mission 
operations 

2 Schedule (information required by) 

1. - Near term < 5 yeers 

2 • MU term 6-10 years 

2 - Far form > 10 years 

4 Effort Required 

1. • Substantial 

2 - Moderate 

2 a Low 

5 Defined Sequence (Clearly defined sequential path for scientific 
investigation exists) 

1. « Yes 

2 •No 

6 Parallel/Alternative Path (are paraflel or alternative pathways 
appropriate) 

1 - Yes 

2 - No 

7 Ground-based 

x • Ground-based research required 

a Spacelab 

x • Spacelab would be used for research 

EDO - Spacelab needed for Extended Duration OrbHer 

Program research 

ft SSF 

x - Space Station Freedom would be used 


10. Centrifuge 

x • SSF Centrifuge Facility would be used 

11. Free Flyer 

x • Free flyer biosateillti 

12 Lunar Base 

x • Lunar base would be used 

12 Robotic Explorer 

x - Robotic explorer would be used 

14. Other Requirements 

x • Requirement for flight resources other then those 

idsntiledin8-l0 

12 Fight Validation Required 

1* * Right validation required 

2 • Not required 

12 Facilities Sufficient 

1* ■ Current ground facilities (NASA Centers, Universities 

and provide indutty) are sufficient 
2 • Current ground facilities insufficient 

17 Community Sufficient 

1. • There is a sufficient scientific community already 

commted or recruitabie 

2 • Scientific community is insufficient 

12 Attract New Community 

I. • Activity wfll attract new scientists 

2 • Activity wM not attract new scientists 

1ft Group with other diedpinee (can this activity be grouped with 
others from different life science disciplines?) 

1* • No, cannot be grouped 

2 • Do not know at Ms time 

2 - Behavior, Performance and Human Factors 

4 • Regulatory Physiology 

2 • Cardiopulmonwy 

2 • Environmental health 

7 • Musculoskeletal 

2 • Neuroscience 

ft - Radiation Health 

10. • Cel and Developmental Biology 

II. • Plant Biology 

12 • Ufa Support 
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Critical Questions That Would Utilize Space Station Freedom (SSF) 

Listed by Category and Criticality 
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Table 5 Critical Questions That Would Utilize Space Station Freedom (SSF) 

Listed by Category and Criticality 





































o 

w 


© 

O) 

a 

a 


<u 

00 


in 


c <-> 

" * 
u 




U. rt 

cn h 

'if < 

ON II 
*> 
JD ~ 

2 c 
o S 

CL <t3 

f s 

OO *>, 


-o 

(Li 

V> 

X> 


£ 

IV 

Vi 

c-- c 


£ 

a 

H* 


s 

4> -O 

u 15 

-a n 
3 li 
-5 ^ 

<u _. 

2 5i 

m <—< 

O W) 
w 
u 


g .5 

= ‘S 

3 £ 


4J 

£ |> 

I *§ 
§ j§ 

o 

•■ 

m V 

o A 


cr 

u 

oC 

u 

•5 

v 


a 

O 

CL 

tS 


I 

O 

oC 


V£2 


’S ^ 

^ > 
S u 

nr ~ 

NM (/) 

13 S 

a -B 

4> ~0 


8 

c4 

CQ 

S3 


tN 


§ 

I 1 

C 4> 

W o 

» £ 

y 1 


>» 

E 

u 

£ 

ti¬ 

ll 


— CO 


o 

CO 

c\i 


CM 

O) 


CO 










Table 5 Critical Questions That Would Utilize Space Station Freedom (SSF) 

Listed by Category and Criticality 



= y 

u * 

i* 

Z | 

U 

^ A 

2a 

v 

« *n 

H 

? * 


Si 

*ls 

I si 

,2 3 M 

^11 

u il 


•R fiu 

* 4 * 

a s‘ 

vr> O*. 

u 


II 3 S 
vn cr o 

u AI 

si! 

15 ^ E 

-3 t2 " 

lil 

it j 

s 11 


U ®* u 

« § g 

ill 

3 

i gif 

all 


a t 
1 £ 
a ^ 


1 

Cvl 

>3 

CM 

II 

d 

00 

’-H 

r— 

k. 

o 

cvi 

1* 

O 

■ 

> 

Uh 

CM 


u - - 



























CM 

CO 

O 

O) 

« 

Q. 


in 


V 


XI 

a 




3 


vn 


cn 


3 .2 2 

GOO 

§ £ <tf 


o' 2* 

« § 


<N 


w 

■s! 


.« e 


rr 

csi 

00 


CM 


CM 

CD 


— (D 


CD 







o 

** 1 Z 
2 « 

w 2 
** 

So 

« 

M ■? 


T> 


C 

a 

CO 

>» 

k. 

CM 

0 

03 

© 

T“ 

<** 

k. 

© 

O 

O 

> 

XI 

* 

4 -» 

to 

© 

3 

■a 

© 

El 



<o tr 

p > 

© 5 

to 03 
>s 

CO o 

IS ~ 

hr C 

3 .2 
c © 

c “■ 

<D (0 

C 

C 03 
o c 
o 

■O ^ 

31 

m CD 

2 c 
o = 


jz £ 

> o 

> o 


C*“ 

CO 

2 o 


T3 © 
C «-* 

« 8 - 

&T* 


-O 2 


3 « 


— 0 ) 
5 2 
5 2 


<0 * 
o = 
'♦= © 
© o 

05 A 
w. O 

cd a 
c ^ 
© © 
o o 

10 -D 
© 

O © 
® 8 

I 8 

© g 
^ 2 
? * 
© *o 

O) ® 

X) — 
CD O 
W- O 
© CO 
ir </) 
© © 


<o 2 
* > 


♦s JZ 

© -t; 

XI c 

5 ST 


© ^ 
C ^ 

.2 > 

5 5 
§ 03 
*•“ "O 
"O © 
r *- 

E © 
© ^ 

© 10 


O © 

2 © 
*- c 

CO O 
CL 

o © 
© 

c *- 
.2 c 
© 

T 3 © 

© o 

03 2 
© 2 
TJ c 


o o 

O Vj 

*o © 

r 4-* 

© o 

X) ® 

© E 

2 o 
D x: 

1* 

1 XI 

© is 
O O 
© 

CL o 
<0 

4 - C 

o o 


CO - 

3 „ £ 

? C 5 

£ .2 to 
© +£ >. 
c ® « 

2 i« 

+-■ k_ c_ 

c o v> 
© c © 
O C © 

® .E 

© £ p 


w = 
CD 3 
5 = 

CD © 

© ~ 
x: c 
o 

© * 
k- CO 

© © 

. r 03 

© g 
x: © 

5 *S 


■e a 


© <0 
>. 3* 
co co 


I ? 

«—> co 
w ~ 

>* o 

© X3 

© 2 

> © 

t 5 E 

5 >5 

o E 5 

Q. © 

© c 
2 . © 


C O 

o © 

5— 

2T ® 


o © 
o < 

E c 

o % 

© w - 

o © 
© c 

5= O 

© S> 

© 


5 a 


♦- O 

m ® 

© CO 

< - 
c 
o 

% Q_ 

2 o 

co co 
b X3 
® © 

> © 

V**B 

> c 
© o 
x: 

~ © 

© iz 

i_ r~ 

< - *• 
C C 

C*- — o 

© CO 

> © © 
CO O q 

CO C x 
© © © 
03 © 

O t r 

Q. T5 © 


w. << 

3 > 

3 yi 
© 


o ® 

I s 

-! o 

^ © © 
© o O 

© g § 

« ^ o- 

°- .£ 8 

>; 2 "P 
- o S 
> ♦* © 
© 2 . 
v. ro m 


© >, 2 © 

> -^ 03 X3 

2 > 2 «5 3 

P *o -2 ^ I 

8 ■ E 5 g> 

© © r rv. E 

£■ 501 ^ ^ 

~ o ® § ® » 

2 3 S c ® 

© © ^ © ® ^ 

*S © ^ o § o 

r$«a3S 

5 S 2 8 £ 



Cl=EnvironmentaI Health C2=Countenneasures C3=Medical Care C4=Enabled Science C5=Basic Science; Cr=Criticality 

l=Science readiness level 2=Technology readiness level 3= Schedule 4=Effort 5=Defined Sequence 6=Parallel/Alternative Path 7=Ground based 8=Space Labs 9=SSF 10=Centrifuge 
ll=Free Ryer 12=Lunar Base 13=Robotic Exporer 14=0ther Requirements l5=Flight Validation Required 16=Facilities Sufficient 17=Commuruty SufFicient 18=Attract New Community 

6/16/92 - 12:18:27 Table 5 Page 33 




























o >* 
** 


CO .2 


« 

w c 


N 

= >* 
s ° 

3 O) 

2 « 
3 O 

o 

5 > 



CM 00 

O O 

^ ''t 


TJ 

® 

>* 

5 6 
© 

*° 73 


® © 
2 c 
© 

® -Q 

* 5 

05 © 
© 

8 8 

as 

« 3 

e i" 

c © 
® c 

£8 

C «~ 

5 5 

□> w 
| 2 
1 8 . 
£ t 


£ 

® 5 c 

s,i 

Cm® 

cl ^ r 
o a o) 

I §■§ 

© ® __ 

_o ^ 

© s 
® 2 S 
x: 3 

1 £ SLc- 

: «•§£ 
™ «- O) 
© O — 
£2 2 *" 

iS © £ © 
■5 © 3 e 

2 E o © 

8 

• i i i 

© m © >s 

Sis 
£5 8 « 
5 2 « £ 

Elec 
fc j* ** O 

® £ s -i. 


2 ° 
3 c- 
£ 2 

w « 
OT .tt 

i 8 
“S © 

© CD 

s: 

a. o 
tr c 

a | 
§■1 
« O 

® a 


js a ® s 

t® € 8 


® 

11 

g 3= 

t © 


“5 *D 

1 8 


15* 


o =2 .5 

TD W 

8 1 1 
O 0 ~ 
“ w W 

O £ g 

4~> "Q © 

® S 1 

© c c 

© jS © 
c 73 a 


c W XJ 

»S 

Jr.tr 

| 3 .| 

i < 2 

faj » 
© © « 
& € £ 


*- * 
c © 
© w 
> o 


».S 

© c 


&. ° 
Q. W 

© 2 
© 

il 


3 O 

11 
8 £ 

Q. ^ 

i § 

> *0 


£ © 

§ 8 
2 CD 
© 

8£ 
Q. «- 
</) *_ 
- o 

O tfi 


© £ 
S ® 
o © 

i- © 

a »- 
© 

If 


C © 
= 3 
T3 o 

ll 


rt © 

■S © 

«g © 

-Q « 
© 


ES « 


2 2 
« © 


O q> C 

C 3 £ 

® £ C 

E © o 
(3 Q. - 
© E > 

>- ® £ 
►“ *s ® 


w c 
0 O 

€8 

£ 2 

!l 

<3 fi 


1 

o 

30 

© 

c 

© 

03 

2 

-tf c- 

c © 
© © 
■O -Q 

k>. 

< © 
> x 

ui • 


S O 

1 e 

11 

E c 

_ 3 

2 © 
■O o 

© o 
o c 
c "6 

3 £ 
— ® 

E S 
2 >* 
^ 6 
>s 

2 © 


© 

03 © 
© © 

i © 

-S « 


© 

€ « 

2 £ 
© 

S -S 

| 8 
© C 

>r © 
CL Q. 

© ^ 
© -C 

O . 
— © 
® © 

9 I 


©.So 


s ? 


€ § 
© 2 

|E 

S ® 


2 -9 

4— 

° 2> 
© © 

s * 

If 

8 § 


(8 

0 

O 0 
■o c 
© O 
^ -O 
© 

i? 

t| 

© | 

> © 
< -o 


*0 

n. 

i| 

S E 

E 2 


a 5. 


<5 c 
fil 

* a* 
-s | 

s e 

§ © 

jQ 

© n 
© 2 
© 

, c 

J2 £ 
« .© 

© ^ 
a : 

I ^ 


8.!g 

•J* 

? fr 


iv 

c 

(i 

Its 
| „ 'S 

if s 

‘ill 

°ll 

t H 

8 g « 
c c 

45 tj T3 
C Pu V 

«» A I 

O rr 

| I <2 

|| 3 g 

»o cr.2 
u ^| 
8 || 
g | > 

G « jg 
(/i Q M 

I' S 
^ »n E 

5 tt II 
-9 o 

1st 

4 4 g 

u « g 


M ^ 5* 
O o 

8 it b 

% ™ Js 

4 ) si 

S I Y 

u « & 
» « g 

in 

in 

Jllf 

V S 2 

3 ”2 

CD 

« t; u 
"O > 3 

8 45 G 

a t J 

•a S ii 

lit 
i 8 R 
I 8 e 


CM 


CM 






























Table 5 Critical Questions That Would Utilize Space Station Freedom (SSF) 

Listed by Category and Criticality 





T- 

CO 

CO 

CM 

CO 

CO 

CM 

CO 

CM 

k. 

o 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

© 

© 


ir> 


CO 

03 

CO 

CO 

O 

T* 

^3 

® 

© 

03 

(0 

CO 

« 

JO 

« 

o 

CM 

CM 

CM 

CO 

CO 

CO 


in 


.2> c- 


& 2 
« -o 

© © 
.e- > 

° z 

® (B 
n O 
£ © 
© © 
c > 

I ° 

© o 
— © 

j? *® 

5 s 


® O'- 

o w 
S O) 

Q. 3 
(0 E. 

T3 

O 

® ° 
D © 

3 o 
Of *£= 
C 0 

Q) *3 

£ ? 

to o 

Z E 


c*- 

® 



a> 

03 

© 

C^' 

E 


c 

© 

JZ 

m © 
© -C 

® 

£ 

03 

£ 

o 

X 

CD 

E * 

n ° 

o 

« 

o 

a. 

CO 


® 

t3 

© 

v_ _ 

;0 

® 

sz 

© 

<o 

*e— 

X) 

c 

© 

o ■© 
.© © 

c 

o 

a 

*© 

C 

*o 

© 

o 

© 

8 o) 

® 

3 


CO 

o © 


o Q. 
® 

3= C 

a> o 

© © 

£ 3 

£ S’ 

© o 


s:e 

© CO 
© O 5= 

© © E 
© a. © 

£ © ~Q 

O £- © 

s| a 

© TJ ^ 

. 2 1 i 

® O s- 

? « © 
h“ © £ 


"O At 


<0 O 
® ? 
ir £= 
3 CO 
CO 

<0 © 

£ 

a ~ 
© 

■§ s 

o ~ 

CO S 

£ © 
T3 © 

>> CO 
£ © 


CT) 


© Q. 

JC © 
03 © 
— CO 


■s ^ 

« 5 

C 

O © 
w *- 
C © 

© o 
£ *- 
© o 
© 

€ S 

CO 

© o 
© £ 
O c 
D o 


© © 

= I 

CO £ 


© cc: 

3 

O C 

'§ I 

> « 

© 3 

© T3 

© A, 

sz ? 


© £ 
© .t= 

o $ 

c 

© © 
3 E 
S’ © 

m © 

c >. 

8 - 

I s* 

O n 

It, 

E c 
*2 co 


© o 

O ’to 
© >* 
Q- sz 

W Q_ 

c 

O 03 
■£Z © 

<o ac 

3 w 
■O 

03 £ 
O to 

O * 

e- © 

o c 

© s 

3= E 

© £ 
© — 
sz c 
© 

© £ 
3 

to ■*= 
£ © 
5 £ 


3t c^ 
o >> 
x: ♦; 
_ > 
^ © 
^ 03 

^ 2 

© o 

tj> E 

CL 

E .E 
8. ± 
» © 

X © 


8 :s 

SL>S 
If « 

* & 
“ '3 
4> H 

^ i 

ja g 

"O 5 

19 

r^* c 
. | ‘G 

3 > co 

!5 *3 «, 

c 2 «> 

'ill 

u 3 § 

.»"3 

11 s 
D cd -O 
G Cl w 

^ 31 

o a- 

OQ C - 

11 S. o 
<o cr .2 

rj « -a 
° ^ 

IP 

S4| 

^ ^ E 

7? t; 11 
■§ o ^ 

tS S ^ 

li I] c 
U O 6 

« ! ■! 

^ ^ cr 

0 'S « 

^ (y3 oc 
o li S3 

■3 ^ j 

s « 9 

II O 

m —* i—< 

U « S3 

« s | 

5 *-§ a 
3 £»i 

<U Q 

i es| 

III 

i j « 

S 

* T3 *S 


1 > § 

« w 5 

K “ .3 
■J 3 » 

c | - 

4> TD . 

E fl # 
3 £ >* 
2 i> E 

l g. 
r c S e 

W g IL 


CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 







CM 

CM 
































o 

CO 

b 


iO 

CO 



© 

Ui 

m 

Q. 


<u 

00 


w 


If 5 


2 u 

A z 

U. rt 

&o h 
c/5 *s 

11 If 

o\ II 
w 00 

•8 - 
J I 

S.f 

? * 

00 & 
T3 a 
4> c 

8 c 

_C E 


© 

(0 


V 

2- 

f" c 

- <u 

*5 -c 


CO 






















* « 

c/> .2 


© » 
o O 
« 

CQ 

© 

N 

« k. 

5 ° 

3 O) 
© 

2 « 
3 O 
o 

5 > 

x> 



r— 

co 

(M 

CO 


i- 

CO 


c o 

O 

;= c 

£-.2 
o % 
© 2 
X» .2 

— ! 
CO ® 

o 

'X T3 
© C 
C £0 

O C 
O O 

© .2 

§ o 


Q. CD 

• e 

€ c 

© O 
*s ’*-* 

© s 

~ £ 
eg ^ 

€ .2 
> x» 


o £ 
<o © 

E ■£ 
f S 

E ® 

o S 

i e 

© 

C- 5 
® 

O © 

03 £ 
n TO 

" to 
C 05 
— 3 

■O Jr 
© u 

S ? 

© X 
X) © 

o © 

»l 

li 


*D © to 

I § 11 

V; co 'tr t 

3 © 5 © 

^'5 ~ ■£ 

« c £ ® 

E _ « j? 


O) 

I 4 
IS 


» « *- 
CD © 

■*-» C r* 
C (D > 

S S 5 

4-* (t> 

CD 0" 

O) ° 
u C ^ 

© o 

4^ *— 4-< 

« & » 
v O ^ 

XI c/5 o 
05 X u 
= © 05 

• ®! 

. © - 
s-?M 
« ^ 2 

oo© 
Q .£ £ 


< °" 

2 

C- 2 

c £ 
.2 © 

c I 

3 W 
■*“ >. 
w © 

© X 
> ■*- 


03 <>■ 
— © 
*•“ > 
© '<0 
o © 
© © 

*g> 


_ w 
^ ® 
^ E 

**- 3 


© «_ 
*0 C 
3 © 

I E 

E I 

“O O 

5 “ 

T5 

© *5 
co rr 

k. **— 

3 c 

° « 
© © 
P 05 
.*= C 
~ © 
© x 
sz o 


05 

O 

Q. 

>s 

x: c- 
o x 

*■* 05 


© 

X 05 
«- c 


© (0 
T3 ® 
3 *“ 


s -* 

© C.. 

© "^ >r 

i- © > 

2 © 

o - k_ 

o .© 05 
® © Q- 


© © 
X c 

~ © 
© CL 
© 

o © 

T3 q_ 
„ © 
>> © 
.— T5 

> ^ 
© ® 
v- © 

03 3 

§ 8 


49 ©‘ 
© C 

o .2 
© *9 
o © 
© 

8- S 

• 3 

x o 
«- o 
c _ 
“ o 
© 

o- o 

03 Jr 
Jr © 

=5 © 


?E 
§ 2 
-o £ 


© 

X 

Mt 

4-* 

© 

O 
■«—• 

o 

© 

■*-> 

© 

c 

© 

’> 

c 

b 

v«» 

© 

u- 

© 

© 

© 

3 


o 

w 

© 

TO 

c 

© 

X 

© 

O 

X 

© 

3 

CL 

V 

•«—' 

© 

o 


O « -E E 

^ c « 
c © © ^ 

© £ Q J 2 

e =6 e s 

C © © 

2 w 

i o o s 

® ® s P 

o 2 c 
© c © o 

€ 8 " -5 
£ 8 ^ ® 


© 

© o 

o o 
© © 
X) 

__ © 
T5 c/5 
C © 

© x: 
■*—> 

©~ o 
^ Q 


2 E 
.2 © 
r c 

© o 

CL O 


T3 

© 

© XJ 
*** C 
T3 © 

C 

© © 

- 2 
© c 

*- © 

~F 

ts ^ 
c ® 

O Q. 

^ © 

> © 

2 & 

05 _ 

O B 
© © 

2 S, 

„ <o 
^ © 

♦= © ^ 
© o o 
*“ > x: 
♦r © © 

> © 

> X3 -t 


3 

O 

co (>. 
© 2? 
5 f 

03 2 
C 03 
O O 

z* 

.£ E 


© 

•“ W 

© •*-» 
X >s 

O o 
© z. 

E b 
© 5 
x © 


© x> 

il 



V 

r } 


V 

4J 

| 

z 


w 


CJ 

PL. 

00 

e 

w 

00 

II 

w 

< 

ON 

li 

(A 

oo 

X 


13 

w 

c 

i> 

o 

* ^4 

a 

rt 


CL 

*5 

00 

If 

9 

00 

00 


T3 

-9 


r- c 

til 

9 « s 

a > on 
•r "5 w 

C 2 w 

^ II 
°il 

.-v II 

812 
u rt -o 
•Q (X v 

» ■§ 
\0 9 

.5=! CT* 

J 8 <2 

“ i § 

*o cr .£ 

U^S 

8 1 ^ 
S 5 > 

•BAS 

^ ° i 

7? t II 
•8 | 2 
lS W 2 

4 4 8 

O u E 

-5 4> 

9 H 
JU -O ‘2 

55 ^ §* 
U o M 
— CO « 

o II 

^ 6 
1> _ X 

5 J 1 ? 

II v TT 
rn —• *—< 
U « u 

s ^ 

ill 

i 8«3 

a> o 

I S3| 

a £ 2 

coo 
3 c Qi 

0 4 | 

OQ 

•S T5 “ 
*3 > 3 

<U <u C 

3 S II 

i .s 2 

« T) . 

£ ^ o 
c C >* 






















Tabl « 5 Critical Questions That Would Utilize Space Station Freedom (SSF) 

Listed by Category and Criticality 
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TABLE6 


CRITICAL QUESTIONS THAT WOULD UTILIZE THE SSF CENTRIFUGE FACILITY 

LISTED BY CATEGORY AND CRITICALITY 


CATEGORIES 

1 - Environmental Health and Life Support Systems (EHLSS) are designed to protect the crew from inhospitable space and 

planetary environments. 

2 * Countermeasure Systems (CS) are designed to continuously compensate for detrimental physiological and behavioral 

manifestations of the space environment (e.g., microgravity, confined volume, radiation). They must provide acceptable 
mission performance and postflight recovery when: (1) EHLSS designed to provide habitable environmental conditions 
for the crew are not totally feasible because of mission design or inadequately of scientific or technological basis, or 
where cost and schedule are prohibitive: or (2) partial EHLSS failures occur, until appropriate remedial action is taken. 

3 « Medical Care Systems (MCS), designed to handle illness and injuries based on probability of occurrence, restore crew 

health for continued mission performance, or stabilize an ill or injured crewmember for rescue. MCS are also designed to 
handle illness or injuries resulting from failure, degradation, or maintenance of EHLSS or CS systems, but only temporarily 
until function is restored to the EHLSS. 

4 ■ Science Specifically enabled by Moon and/or Mars Missions. 

5 * Basic Research Not Directly Applicable to Moon and/or Mars Missions. 

* ■ Indicates primary category of application. 


CRITICALITY 

Criticality 1: Consensus that answer is required for Mars mission, (known effect and known problem for mission).* 

Criticality 2: Answers might be required, science basis to evaluate risk is not adequate.* 

Criticality 3: Required for practical optimization of resources (or countermeasure effectiveness) and minimization of risk. 
Criticality 4: Important science which is relevant to exploration mission. 

*Crewmembers must be able to effectively perform mission tasks in transit vehicles and on planetary surfaces; and must recover in 
a reasonable time from any detrimental effects to lead normal, healthy lives upon return to earth. 


1. Soenot Readiness Levels 

1. Only folklore of practitioners and anecdotal data available 

2 Basic scientific concept formulated 

3 Ground models developed, flight validation required 

4. Flight validation performed 

& Countermeasures identified 

& Countermeasures tested 

7. Operational requirements established 
2 Technology Readiness Levels 
1. Technology need identified 

2 Technology and conceptual solution available 
a Component artfor b rea dbo ar d validation in laboratory 
environment exist 

4 Flight validation performed 

5 Systems/subsystem prototype demonstration in a relevant 
ground or space environment completed 

6 System prototype demonstrated in a space environment 

7. Actual system completed and light quafifiad through test and 
Demonstration 

& Actual system “flight proven* through successful mission 
operations 

a Schedule (information required by) 

1. - Near term < 5 years 

2 - Mki term 6-10 years 

a « Far term > 10 years 

4. Effort Required 

1. - Substantial 

2 a Moderate 

a a Low 

& Defined Sequence (Ctearfy defined sequential path tor scientific 
investigation exists) 

1. - Yes 

2 - No 

& Parallel/Alternative Path (are parallel or alternative pathways 

appropriate) 

1. . Yes 

2 a No 

7. Ground-based 

x a Ground-based research required 

a Spaoeiab 

x a Spaoeiab would be used tor resea r c h 

EDO a Spacefab needed tor Extended Duration Orbiter 

Program research 

a ssf 

x a Space Station Freedom would be used 


10. Centrifuge 

x a SSF Centrifuge Facility would be used 

11. Free Flyer 

x a Free flyer biosatellite 

12 Lunar Base 

x a Lunar base would be used 

13 Robotic Explorer 

x a Robotic explorer would be used 

14. Other Requirements 

x a Requirement for flight resources other then those 

identified in 6-10 

13 Fight Validation Required 

1. a Right validation required 

2 a Not required 

13 Facilities Sufficient 

1. a Current ground facilities (NASA Centers, Universities 

end provide industry) are sufficient 
2 a Current ground facilities insufficient 

17. Community Sufficient 

1. a There is a sufficient scientific community already 

oormsttedor recxutabis 

2 a Scientific community is insufficient 

13 Attract New Community 

1. a Activity will attract new scientists 

2 a Activity wifi not attract new scientists 

1ft Group with other disciplines (can this activity be grouped with 
others from different fife science disciplines?) 

I. a No. cannot be grouped 

2 a Oo not know at tea tims 

3 > Behavior, Performance and Human Factors 

4 a Regulatory Physiology 

3 - Cardiopulmonary 

3 a Env i ronment a l heetih 

7. a Muscul os k elet al 

3 a Neuroedenoe 

ft . Radiation Hedth 

13 a Cel and Developmental Biology 

II. a Plant Biology 

12 - Life Support 
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© 


CL 

D 


t! 

0 

O) 

CM 

CM 

CM 


O) 

CO 


CO 


T- 

T- 

T- 


r- 



N. 

CM 

CM 

CM 

CM 

CM 

CM 

y- 


CO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 


in 


T- 

T— 

T- 



y— 




CO 

X 





X 



CM 

X 





X 

X 


r* 

X 





X 

X 


10; 

X 

X 

X 

X 

X 

X 

X 


O) 

X 

X 

X 

X 

X 

X 

X 


CO 

X 

X 

X 

X 

X 

X 

X 


I s - 

X 

X 

X 

X 

X 

X 

X 


CO 

£ 

£ 

£ 

£ 

£ 

CO 

T- 


in 

i- 

T- 

T- 



CM 

r- 






y~ 



T“ 


CO 


T- 


y- 


y- 

CM 


CM 

CM 

CM 

CM 

y- 


y- 

CO 


H 


1 

CM 

CM 


T- 

y- 

CO 



CM 

CM 

CM 

CM 

CM 

CM 

CM 


El 

8lb8 

8lc1 

CM 

_o 

00 

O 

00 

in 

00 

8llc1 

9a1 






S 

© 

on 

S*. 

c 

A 

ISS 

The 

» 

a 



in 

O 


co 

O 


CO 


s 


O 


CM 



C ^Environmental Health C2=Countermeasures C3=Medical Care C4=Enabled Science C5=Basic Science; Cr=Criticality 

l=Science readiness level 2=Technology readiness level 3= Schedule 4=Effort 5=Defined Sequence 6=Paiallel/Alternative Path 7=<3round based 8=Space Labs 9=SSF 10=Centnfuge 
ll=Free Flyer 12=Lunar Base 13=Robc*ic Exporer 14=Other Requirements 15=Flight Validation Required 16=Facilities Sufficient 17Community Sufficient 18=Attract New Community 

6/16/92 - 12:28:22 Table 6 Page 































Table 6 Critical Questions That Would Utilize The SSF Centrifuge Facility 

Listed by Category and Criticality 



y- 

y- 

y- 



5 


y— 

y- 


C^4 


CM 

CM 

CM 

CM 

CO 

r— 



T> 

O Q. 
O O 


jC 

■*-> O 

8 £ 

1 8 

5 a. 

§■ 8 

o OJ 

^ =5 

W_ >, 

*g o 

I s 

L* L. 

m ® 

s S 

C *D 

:l 5 

1 ? 

8 'S 

CO ® 

> ® 
> 05 


05 

C 

® •>, 

£ b 

c « 

© .£ 

® 

9* ® 

CD 

2. CD 

« 2 

L- CO 

o c 
3 8 
05 -O 

|i 

_2 o 

O "5 


_ O “ o 
« ? ® "O £ 

c « . £ 


S >. 5! 

■° § » ~ 
2 O’ S ® 

* fil 

* ® ® > 


^ E 

« I 

c •= 
co .£ 

Q. E 


.5 o> 3 o 

to 3 |0C 
® E 

S-I8I 


c >* 

*r ♦- 

:i c 

CO m 

a^ 

E 05 

8 B 

CO £j 
■ Rt TO 

O gj 

£ § 5 
2ES 
S§» 

SCO. 

a. 5 E 

| § 2 

~ 13 ® 
® ® a 
| < S 

a> 

O I w 
> CL 


*° 05 
*0 X 
C 

*.8 

C -C 

o ■*- 

f 

‘5. — * 
« *- > 

§.« I 

i3 « o 

£ J S« 

1 *8 

3 °*0 

?cS 

2 S & 


m ° 
♦S ® fc- 

® ti O 

i SI 


tv? 

is 

ig 

o 5J; 

is' 

w 

TO £ 

§ a> 

I s 
ft 

E ® 
® % 
*: 

-I 

3 a 


_ § 
*— o 

-O 5E 

® c 

N 05 

*© 

® *— 

*° C 

C Q 


£ c- 

CO 

= CD 

*1 

H 

.ti o* 
> * 

0)0 


® 

E *o 

8 0 5© 

© 

o © 

— 3 ® 

II 8 


o | 

52 -§ 

© _ 

i; 

C ® 

£ w 

2 c 

3 o 

Q. 

*3 8 

53 w 

c 

2 o 

a ® 

w 

m O 

_r* <0 

® & 
® X 

(3 ® 


® 

o 

c 

® 

o 

S’ 

© 

c 

8 

■® « 
ro © 

.2 * 

® *8 c>* 
c H ® 

s>i s 

& •£ » 

*r c .£ 

:? E £ 

|i | 

«-s a 

a 3 s 

I ® o 
E *3 

W Q. © 

,p ^ 

(3 ® S5 

£ ® W_ 

> *o o 



C1 =Envirofimental Health C2=Countermeasurcs C3=Medical Care C4=Enabled Science C5=Basic Science; Cr=Criticality 

l=Science readiness level 2=Technology readiness level 3= Schedule 4= Effort 5=Defmed Sequence 6=Parallel/Alternative Path 7=Ground based 8=Space Labs 9=SSF 10=Centrifuge 
ll=Free Flyer 12=Lunar Base 13=Robotic Exporcr 14=Other Requirements 15=Flight Validation Required 16=Facilities Sufficient 17^Community Sufficient 18=Attract New Community 

6/16/92 - 12:28:26 Tabl * 6 Pag * 




























Table 6 Critical Questions That Would Utilize The SSF Centrifuge Facility 

Listed by Category and Criticality 



(0 CO 


10 CNJ 


04 i- 


O 05 



03 

o- 

O © 

F 

® £ 

S * 


*o 

I s 


o 

2 - ~ 
a 8 § 

•S^E 

8 °:-s 

« "C ® 

a 1? 

? r ■ 
^ .2 ^ 
'S « E 

° S o 

t* q. CD 
$ X > 
® © 
® - * 

® § § 

^ ^ 

CD Jt C 

S I « 
** ® © 

5|f 


SX & 

11 

fi 

N O 


•81 

® — 


> * 


**r ® 

®£ 
8 55 

® O* 
£ ® 


«e <o 
c- 75 ® 
to c Q 

E >» ® 

to c 

^ ® .tf 
.2 

c ^ « 

1 * g 
*o « *- 

g _ _ 

•5 I I 


*tS 
CO O 
♦«* 

c © 

I? 1 
w ® £ 
03 £ >* 

■Sji* 

111 
£ > *2 
8 s 8 
ST I c 


® » 0“ 
& i s 

l|l 

© “* £? 

* 2 ° 

£ € >< 

* co ® 
i 3 CO CL 


® 

•S *€ 

|So 

III 

Q. 

k c*- E 
£ to o 

jz 

« -F 

I sf 

flj? 

© ° o 

** § » 

- 1 2 o» 

W a ~ £ 


>r tO 

£ C 

®|| 

co T) 73 

1|i 

aS e 

*5 o 2 

sfi 

ft I ® 

* y « 


^ ?|J 

. ® 5 a 
I £ as o 


8 lj £ 

| 9) ) 5 

|«lf 

hjt 

sill 

ills 


C~ 

° s 

I i 

■g ? 

8 ® 

if 

® ® 

E c 
c E 
o © 




|i 

1 8 

.O CO 

5 «o 

© ® 

S? 

£ & 

rg 3 05 

* C 


*8 8 

1 I * 

2 5. o 
“■■o = 

® S’ ® 

-gel 

^ 09-0 

? -o ® 

zSI 


C ® 

fc 3 

CO 

I -B 


e 

ii- 

ill 

o .5 c 

«c _ J2 

111 

<0 3 cs 

tfl 

III 

5 ® ti 


Cl=EnviromnenUl Health C2=Countermeasures C3=Medical Care C4=Enabled Science C5=Basic Science; Cr=Cnncality 

l=Science readiness level 2=Tedmology readiness level 3= Schedule 4=Effoit 5=Defined Sequence 6=Parallel/Alternative Path 7=Ground based 8=Space Labs 9=SSF 10=Centnfuge 
11-Free Flyer 12=Lunar Base 13=Robotjc Exporer 14=Other Requirements l5=FUght Validation Required 16=Facilities Sufficient 17=Community Sufficient 18=At tract New Community 

6/16/92 - 12:28:31 Table 6 p aga 






















Table 6 Critical Questions That Would Utilize The SSF Centrifuge Facility 

Listed by Category and Criticality 




CO 












0 






GO 



(0 


, 



00" 


in 


U) 

LO 

< 

nT 



U) 



CO 



S’ 

o 

CO 

c 

© 

© w 

2 | 

B 9 
a ® 

£ -o 

c 5 
© ~ 

i I 

<0 d 

.e 8 
®-g 

<2 a. 
© o 

flD E- 

h a. 


c 

•■§ o» 
■9 tc 

JL a> 
g 5 T3 

O X 
£ <2 
I £ 


® 3 

= to 
§ § 


4-« 3 

w <0 

>> © 
<0 £ 


g. w 

® © 1 = 

© o a. 

’ 2- i 

*D to 0 

S 2 « 

to ^ o 

® r- 2 

Ilf 

iss 

III 

•is 1 

■g © £ 

? s = 
■s § | 

o £ c 
TJ t o 

5 as 


“8 

a. 

o 

© ^ 
r *° -I 

O) © 

** i3 y 


® a> 


© « 

® S.T3 

I 

O ® 05 
■§ 


o 2 «5 

*- — n 


i i 


i % a 

f ® ® « 

O) n 
C o 

c ]c 5 

8=1 

1 11 

„!? 
m P o 

t S CL 

Q..I 


-8 
'C ^ 

f 8 * 

ill 

*- E * 
® I C 

ft XI 
© 

© d C** 

*?I 

3i| 

sc 2 
© © *5 
5 c 
> o © 


a 

fc «*■ 

5 © 
g o 

• £ £ 
to c 

© c 

if 
« a 


18* 
18 a 2 

3 S « 

5 © o 

E > © 

6 ;2 

♦S T3 C 

l s | 

8 © 5 
« S2 5 

= © 3 

.9 > -o 

S « t: 
> o 

® | -S 

5 8 S 


-rf ° 

|5 
a & 

■ s 

© jQ 
*° © 

to O 
£ | 

2 “ 
I 8 

f £ 

*8 
“O C 

S © 

3 

i a 

® to 


© *0 

% S 


09 © 

■X © 

i 2 
© © 
x 

D © 

*5 

3 = *o 
c 

Q. © 
Z - 

3.0 

*»• 

o ft 

*3 05 

al 

C C 

i s 


® M 

s 

CD ♦- . 

E.2>-§ 

1 L ID 

a 1 5 

3 ® 8 
to _ S 

e a 1 

5 8 I 

1-81 
E c m 

n ® 

*S ’« -|= 

ai| 
a a® 

I -^1 
«s ® 

6 3 * 

ill 


s I 

3 8 


8 5 

1 2 
«? 05 


cf 
8 §■ 
I> 

5 S 

d © 
•s u 

<2 3 

II 

■a ® 

I s 
^ © 
to to 

♦-j O 
© d 
f to 

5 © 


S' 

c 

© 

3 

j= 2 

__ g 
c « 

E © 

© j= 
c - 

§ £ 


£&£ 


© s 
i£ 

X ® 
o 9 


ia 

T, ? 

s - 

« g 

8 S. 

g ® 

8 £ 

® "5 

■I a 

8^ 
TD © 

« >. J= 

|f 8 
iai 



Uh £ 

&o s 

On It 
OO 


"ff « 

* * 
tj -a 


jS e 
1 § 

J| 
1 si 


S3 

u ii 

1 1 1 

•n £ Ti 

u & 

li; 

«A Sj 

IP 

a«4 


w W J3 

44 8 

U E 


M V3 »* 

8 11 b 
« Jg 
1 

11 4 

D « 7 


e u 


^ " h 

1 JS 1 

sc ».3 

3 8 A 
































Table 6 Critical Questions That Would Utilize The SSF Centrifuge Facility 

Listed by Category and Criticality 


1 

r to 


h- 

r^. 



- 

« 

r k 


in 


» CO 


CO 

CO 



ID CO 



<0 

CM 

CM 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

OJ 

CNi 

CM 

CM 

CM 

CM 

CM 

CO 

M- 

<0 


CM 

© 

-O 

JD 

0 

o 

o 

LO 

tn 

LO 

in 

LO 

in 


c 

g> o c 

C *r t 
C -C O 

3 ° ^ 
11 TJ v 

"§ § © 
a © S 

□ 3 3 

roo 5 
E ©| 

.© ■*= 3 
o ® TJ 


3 s 

® o 

c © 
® x 

■§ ® 
© X) 

i § 

•— & 

o I 

X 3 


© os 
© o 

c ^ 
o 

i J? 

i§ 

>H 

:«■ 

© ® 

> € 
© 

06 

'si 
© -= 

°c 
© — 


§ is 


s 

«• «*■ 
S C 

"O T3 

|S 

c c 

3 3 


It ♦-> © 

® a! 
| | i 

•S'® 

|S s 

i § § 


§1 

f I. 

W 0)2 

* | I 

if “ 

E ® -§ 

c s © 

© w 

fis 8- 

•PC© 
2 0* 
*° E c 

III 

® -o 1 

■& i ™ 

.2-S-S 
*- © g 

J “S 3 


>* - 

.O £ 


Sill 
f if i 


g- o o 
® - S 


® x O 

> s - 

“£* 

8 ® § 


ll!? 


E I| 3 

|li| 

Jsi § 

1 §.2 s 

2 2 


fi e~ 

M 


© ® 

?i 

i i 
I $ 


® c- 
€ >< 

c t 
o © 

06 C 

ll 

I ? 

^ = 

© ffl 

Z3 © 
I -n 

* § 
® . 
€ & 
® 3 
a *© 

18 
i c 


© 

c 

5 O 

o 8 

© 2 
» 3 


o 

C © K* 


© ® 
E 1 

•fa -O 

§! 

a-T © 

5-2 
a ® 

* s 

©~ « 
♦2 ** 
2 © 


>» © 
f E 
© '■*= 


o 

E ~ 
S o 


© ^ 

&# 
3 S 

I? 

3 5 
T> C 

■n' *© 

31 

ii 


£ © 

® 9) 
<0 2 

Is 

8f 

© *o 

•s 8 

® M 

© 2 
8 2 
•o £ 
© 

J © 
3 

W © 
O £ 


w ♦? 

■e 8 

12 
o E 

?S 

W >s 

c © 

» ^ 
8> ® 


o o 

£ S’ 


© « 

§ *o 

§ 

O* © 

a S 
§ 5 
I ° 

5 ® 
c S2 


m ® 

5 € 

© O 


■o ,0 

C *“ 

5*5 

£ sr 


.t it 
*« 
w © 

a ® 
m © 

Jr © 

® © 

© Q. 

© ^ 
W © 
OT © 
© © 


n © 

**• k_ 

© < 

© 

© p.. 

£ O) 

■° « £ 
J O Ol 

ij? 

t>. s $ 

©Jo- 

ii: 

W r ? 
PCD 



U- « 

co 5 
o> il 

M « 

3i 

o 

t> 75 

i| 

f * 

“t 

ji 
1 8 
lv 

J5 
»2| 
! i S 

ill 

o II 

2 ft* 
8|« 

5 § -o 

•n eu *) 
y S< 

n* 

6 §•! 

°c5i| 

IP 

1: ii a 
^ e 

11^ 

jjj 

ill 

“la 

8 ii t 

s|9 

n J 4 
G g u, 

w Ii 

** is o 

Ill 

HI 

||l 

V £ 2 
0 A * 

«- «j 

8 « s 

Ip 

i e s 























Table 6 Critical Questions That Would Utilize The SSF Centrifuge Facility 

Listed by Category and Criticality 


r 




CM 

OJ 

CM 

CM 

CM 

eg 

CO 

CO 

1- 

CO 

CM 

CM 

CM 

eg 

CO 

CM 

O 

eg 

CM 

CM 

CM 

eg 

CM 

CM 

% 

© 

O 

3 

<D 

CO 

O) 

O 

T~ 


CO 

Vrf 

O 

O 

O 

O 

O 

TD 

T 3 

KJi 

LO 

LO 

U 5 

LO 

IO 

LO 

LO 


-> ® 
> 

co a> 
CO fc- 

nj -o ■== 

f s* 

»§ | 
TO X 
© N <D 

cltS 

Jj) Q ^ 

Il £ 

is- 

*- E © 

3*5 

o o o 

c E « 

S 2 

T3 g 

i2 § * E 


CO 

® ® 
05 3 

§.« 

«: 

T5 > 

§ i 

8 E 

a o 

to 8 

* -o 


5 15 


3 £ 

4-* 

~ O) 

■S 2 

<8 = 


CO m 
8 § 
* 5 

> r 

£ 8 


co C** 

c 

— L. 

05 
05 C 

I* 

° 3 

si 

c - 

co "2 
CO ® 
® 3 
* C 

w c 

5 8 

w 

£ 

O "D 

•p ® 

(U ~ 

i 3- 

o ® 


CO 

w co 
o ® 

<0 ^0 
o 

♦3 ® 
co 3 

’w CO 
® CO 

o ■«* 
2 >• 
« <3 
o 73 
- 73 

8 i 

1 E 

O & 

(D O 

5 « 

<3 c 
♦5 8 . 

i 8 


m C** 

? § 

I § 

it 


§ | 

® c 

♦2 ® 

U) 44 

a>l 

© p 


5 c 

£ ® 

»t 

■8 | 

O ® 

to g 

2 TJ 

c ® 

«3 3 

t co 

CO ‘£2 


m <0 

§ a> 

e § 

CO _ 
® © 


® c- 

CO >, 

® ^ 

£ > 

® 2 
*= 05 
® O 

8j 

x E 


•5 S’ 

Is 

'5> "8 


® ® 

S w 

* 3 3 
> « « 
42 co co 
I tp tp 


2 

c O) S. 

C C c 
® *c C 

f$ 8 

x* it* 

c ® *5“ 
O J- > 

•p ® © 

«—* w 

> * S’ 

t5 co & 

* O 7= 

ill 

Ilf 

E _ 73 

O © fc 


_ roc 

1:1 

§ 2 s 

.c: 


05 

c 

TJ 

3 C^- 

73 05 

c 1 


s : £ 

P n ® 
co 

o ® 9> 

| 5 J 

. o 

•" £ -n 

o 2 c 
0 ♦= © 
CO ® 

E ® 2 

® 3 E 

ts <0 t. 
m co O 
a ’5 c 

® : c 

x: O) 3 ^ 

m ® s 

c5 05 *" 

^ c w 

* =6 


^ W w 
© c CO 
.* « 3 

1 cl 

S'? I 

<0 o *0 

« 8 w 
CO ® 

® ~ -K 

> CO (3 

s © ^ 
c -C © 
c c £ 

8 srl 

1 = s 

(5 © o 
w 

® 2 * 

• i& 

»1 s 

sis 

® «- *D 

td E 

f ^ S’ 

> o T> 


© 0 “ 
© E 
®.S2 

£ o 

® J3 

c « 

t 4-> 
© 

£ E 


h- 


o 


C ^Environmental Health C2Countermeasures C3=Medical Care C4= Enabled Science C5=Basic Science; Cr=Criticality 

1 ^Science readiness level 2=Technology readiness level 3= Schedule 4=Effort 5=Defined Sequence 6= Parallel/Alternative Path 7=Ground based 8=Space Labs 9=SSF 10=Centnfuge 
ll=Free Flyer 12=Lunar Base 13=Robotic Exporer 14=Other Requirements 15=Flight Validation Required 16=Facilities Sufficient l7=Community Sufficient 18=Attract New Community 

6/16/92 • 12:28:50 Table 6 Page 


































Table 6 Critical Questions That Would Utilize The SSF Centrifuge Facility 

Listed by Category and Criticality 


00 



3 

o 


co 

T3 

in 


h*. 

*o 

tn 


00 

T3 

tn 


CM 

JO 

CO 


CO 

JO 

CO 


in 

-O 

CO 


CM 

a> 

<o 


00 


c 

o 

0 

o 

3 

a 


a 

o 



03 CD CD 

C O J- 

= 0 <D 
O) 3 ~ 

co 0 to 


in 

O 


CO 

a 


CO 


CO 


CM 

o 


« 

CM 


« 

CM 


« 

CM 


CM 


O 


i 


CO 


a> 


0 

U) 

0 

CL 


CO 


.o 

a 


V) 


I 


'J 

& 




£3 


3 in 

A ® 

-J 04 

h cvi 


I S 

q u 

cj 


CL CM 

jn a> 

~ CD 


co 


CM 


CM 


CM 


CM 













































Table e Critical Questions That Would Utilize The SSF Centrifuge Facility 

Listed by Category and Criticality 



o> 


0 

O) 

a 

Q. 







u 

i 


A 


£ 


W 

V 


u 

II 

cn 


3 


I i 

& -8 


O 

o 

O) 

CM 

CM 


CM 

O) 

CO 


CO 




Critical Questions That Would Utilize The SSF Centrifuge Facility 

Listed by Category and Criticality 


o 

CO 





Q 





w 

© 





£ 

o 

cd" 

r- 

CD 


00 

a. 

u> 

U) 


nT 

3 

O 




lo 

0_ 

co~ 

CO 

'M’ 



03 

C 

tL 


- X 


<0 


-O 

CO 


— 

4-—---~___ 

o 

X 

X 

X 

X 

0) 

X 

X 

X 

X 

00 

X 

X 

X 

X 


X 

X 

X 

X 

CD 

- 

CO 

CO 

CO 

in 

CM 

CM 

CM 

CM 

th 

CM 

CM 

CO 

CO 

CO 

- 

CM 

CM 

CO 

CM 

1^. 

CM 

00 

CM 


CO 

CM 

M’ 

CM 

O 

CO 

CO 

CO 

CO 

% 

© 

0 

3 

o 

2a1 

i 

2a6 

2d 

2c3 


c g TJ > ' c.. 

° « S ‘fS 8 _ 2 

♦S 00 3 W X> o 

® 2 "g ® StS 

E a E 2 ** « 

g s o 

> c > m r 

c .2 5 ® ^ a © 

•S>Cg B C 
m JO C "D E 

© ~ k. o r m C 

2 !fl ofS o 

© £ irn T5 X © «« 

Q. ® X 5= -C > 

" “ S s 'Z « c 

£ I -n - i a 

^ sr: "O O ® 

Ool53-£ 

« . Q. © 1= ° 

*? <0 C g O □ c 

® ^ eT e- ft **" 

o © o - sz 

© 52 > o _ 

*= © -c c .c -c 3 ■ c 

© a. © © > © 

S« - E -Q . 2 

s . 2 E l “ 

« 8- ^ a S 5 

=> -? o. £ £ «= *£ 

» S? ® ® # j 


5 o c 
® o ° 

03 75 ^3 
© ° ffl 


V- ^ 9> © •= 7= 2 


*5 o 


*;= o 


CO 


:= 3 


5 ~ .£? 
Era 3 ? 


O w 


to 


1 


o 


© o ® *— 

? §?€§’■§ 

w ™ E 2 ® 5 ® 

<3 | S a (9 8 § 

co £ a g f J= 

ifiSilf 


© 

o cv. ~ " V JO 

■g £ © c © -S2 ~ 

® > O CO o tj © C- 

CO 3 m © _, O « 

2 <? « ® O S >CT3 Z 

00_03^tl£(Sco 

•jf Vt O) C p QL m 

8~5?o£P(i!2 

-’Ejj-g*} 231 o £ 

Jfi? o * I ® S-5 

* *i-s s = sili 

s* s g * I 

ti ” ® m £ r ^ S w ffl 

$T?-o§ c c ® S « 01 

6 ?8 §o. 


® 3 © 


E ® - 


m u m ' 
z Co k. (0 s «—» 

n "w* ^ m 


= a © 
8 2 m 


CO 


© 


© 


© 


CO r* _ 

« 1 ? ® c 
cn o € o ® 

C T] © t JO 

|li3J 

. 2 o 
jj o| >(0 

g£2! c 


o © « 


© o c £ 

il»s 

© Sr © t; £ 

8 0 a. 3 .© 

© © o- « 
© J § § 

3 T5 5 O *3 


CO 


CM 


CO 


CO 


CM 


CM 


CD 





Critical Questions That Would Utilize The SSF Centrifuge Facility 

Listed by Category and Criticality 


00 


co 


in 


O 


CM 


CO 


CO 


CO 


CM 


in 


w 


00 






- 

- 

h- 





*- 

T“ 

- 

CO 



T*“ 


s- 


- 

LO 




i- 


- 

- 



CO 


CM 


X 

X 

X 

X 

X 

X 

- 


o 

X 

X 

X 

X 

X 

X 

X 

O) 

X 

X 

X 

X 

X 

X 

X 

oo 

X 

X 

X 

X 

X 

X 

x ! 

fs. 

X 

X 

X 

X 

X 

X 

X 

CD 

CO 


CO 


CM 

CM 

CO 

in 

CM 


CM 


CM 

CM 

CM 



CO 

CM 

CM 

CM 

CM 

CM 

co 

CM 

CM 

CO 

CM 

CM 

CM 

CO 

CM 

CM 


CM 

IO 

CD 

CM 

CM 


co 


CM 


co 


CM 


CO 


m 


co 


CM 


CO 


CM 


CO 


(I 

VO 


■£ c 


© 

»s 

O a 


T3 w m 

s 8 i I 
8 *2S 
511 a 

•5 1 6 c 3 

Jj « ra >> 8 

2 ® ® «i E 

O I f c S i ® 

§ £ ® « 

■o » ® ? 

© 


>» c*- 

® b tf) 
Vs w *n 


il 


Tj ® <3> 

!?£ 


ffl 


CO 


3S O 


£ o „ .S> c >5 £ 


« s o 

» ss S i I 

_®s «* 

O _ = >S ® £ 

to ® si at 

.fili? 

cS“i*| 
E ® P 5 


© 

x> S3 


o *5 


co 


w w v 


co 


CO 


© 


X3 10 


Saif 

ss|i 

m C r; 

© O 

O) 5 > 


J3 

® "8 ® ® 

|~ k. c o 


O — 


® rt <5 
« -s co 


co 


s * s ® 

S 8 5 p ® 

2> fc » 2 £ 

P 3 <o ® n 

•I I S 


03 


■° ® £ s 


o> e £ c 


■S f 


© 


*= C*» 


CO 


© £ 

> £ <0 

03 V 

f =-§ 

* s •? > 

« a 1 s 

§"*1 

2 1 a ® 

L 

© 3 ® CO 

£ T> © <£ 

*“* «£ © 
i- « rt t 
O © £ co 

if «•* 
•its . 
sf s s 8 

■§ „ * -o TJ 

li°l§ 

a cl • 

© *0 r M < 

& 1 * 2 > 

^ 5= © LU 

© © O 

c3 -£ .2 ~ c© 
«£?££ * 
11511 


an 


© M 
s: c '*?• 


© 


** O 


In 

8 Ji i 
5C m *j 
•3 53 a 

s 4 ~ 

I 8 £ 


O) 

o 

4 « 

O) 

CM 

CM 


CO 


CM 



•M- 


CO 

CO 

co 

« 

« 

« 

CM 

CM 

CM 


CD 


o 




00 


00 


<D 


O 


LO 


in 


oo 

r* r- 



T* 


u; 

T* 

co 

CO 


- 

T- 

t- 

r- 

y- 



to 

- 


1- 

r- 




LO 

T“ ^ 

- 

- 

ir- 

r- 

T* 

CM 

CM 



r- X 

X 

X 

X 


X 

X 

X 

- 

X 

X 


X 




1 0 

X 

X 

X 

X 

X 

X 

X 

X 

9 

X 

X 

X 

X 

X 

X 

X 

X 

00 X 

X 

X 

X 

X 

X 

X 

X 

7 

X 

X 

X 

X 

X 

X 

X 

X 

to CO 

CM 

CO 

T- 

T- 


CO 

CO 

in r- 

- 


CO 


y- 

T“* 

T— 

4 

2 

CO 

co 

T- 

CO 

CO 

T~ 


CO CM 

CO 

co 

CO 

CO 

CO 

r— 

CM 

CM CM 

CO 

to 

i- 

00 

to 

CO 

CO 

T- CO 

CO 

in 




CO 

CO 

O co 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

+* 

m 

® o 

3 i- 

O CM 

3a4 

3a10 

3a11 

3a26 

3b6 

5a4 

5b1 


_ o- 


3 3 £ 


o 


o 


c 

® O m 

5 M CO r 

£ ^ -D 
c 

£ ® 
« m ro 
c § UJ c 

5 HjT c .2 

(fl C0 <W 


® u ? ® ? 

**- 10 


o "D m 

® I I " | E 

« o o *1 °« 

^ m c ? P « -S 

5 ® 8 ^ € J 


® 2 3= 

S £ *® 


e * 


® 

® "o XJ 3 

tr _ >» c w 

h'J s o 

£ ® (0 ® x 

8 e i S • 

i ? Sr 

o -g .9 § fc 

§ S ® °> 

® ti S CL g 

! J a 8 » 

•2 C TJ C 

§ II1 § 

9 S I ® 10 

O) ~ 

g- l, « 

S -D _ 

§•2 & 

« M 3 
k. o 
® O « 

_!«> 

£ ® .2 

® P P 


-- o 


; s 

= to 

§ jj o 

£ ? o c- 

X) Q. 3 +5 c/3 

® « 8 2 | S 0 

1 c 10 § § 


to 


■S -g g «-g 
«s« I 


-o -C ® 
2 O T5 

® ^ CO 


(O 


* wj. ~ 


?■. Si Z 

•§ c i: 3 O 0)-a 
£ 3 *D X C 5 
-c 2 ® .£ =K O 
a ® £ i c- 9 3 


£ E S3 ° 


P £ 


« c 2 c 
® o « ~ 


— ffl o- 


^ ® C 

8*8 


® ®13 I££ 

* 1*11*1 

| ® g- o> « -8 a 

ill sil* 


(0 


c ® c 

£ ® « ® 

C £ ® 2 O 
g 3 € ® a. 

® E ® ® "S 
E o S >8 

c o <5 -a 8 

s | *1 s 

W 0 2 T3 

73 0 *o ® w 

c © S £ o __ 

n ® w ® 
o. Jg <0 75 

3| § S 5 3 

J> jo (0 jS c p 
O (0 T, 53 *” 

E§c = 1£ 

® 8. * 2 g, c 

£ 8 £ J 55 .2 

® *“ a w o © 

J s 11 $ ! 

Is III = 

> *3 -C CO -O (0 


O 



CO 

O 

CO 

CO 

s_ 

* 

CM 

* 

CM 

o 




OJ 


CM 


'M' 



CO 

<0 

CO 

« 

« 

« 

CM 

CM 

CM 


CM 


J 5 


u ^l 

8 1| 

6 J ^ 

■s^e 

3 

3 4 


V) 


J 


~ to * 
8 ii fc 
« ^ -5 

s |9 

II (j TT 


oS s 

« -5 “ 

j ^ l 

^ « J 

3 S « 

117 

i 2 SI 
I 8 E 

> a « 

| -SI 

SS5 


to 


to 





Critical Questions That Would Utilize The SSF Centrifuge Facility 

Listed by Category and Criticality 
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Table 6 Critical Questions That Would Utilize The SSF Centrifuge Facility 

Listed by Category and Criticality 
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TABLE 7 


CRITICAL QUESTIONS THAT WOULD UTILIZE A LUNAR BASE LISTED BY CATEGORY 

AND CRITICALITY 


CATEGORIES 

1 * Environmental Health and Life Support Systems (EHLSS) are designed to protect the crew from inhospitable space and 

planetary environments. 

2 * Countermeasure Systems (CS) are designed to continuously compensate for detrimental physiological and behavioral 

manifestations of the space environment (e.g., microgravity, confined volume, radiation). They must provide acceptable 
mission performance and postfiight recovery when: (1) EHLSS designed to provide habitable environmental conditions 
for the crew are not totally feasible because of mission design or inadequately of scientific or technological basis, or 
where cost and schedule are prohibitive; or (2) partial EHLSS failures occur, until appropriate remedial action is taken. 

3 * Medical Care Systems (MCS), designed to hande illness and injuries based on probability of occurrence, restore crew 

health for continued mission performance, or stabilize an iH or injured crewmember for rescue. MCS are also designed to 
hande illness or injuries resulting from failure, degradation, or maintenance of EHLSS or CS systems, but only temporarily 
until function is restored to the EHLSS. 

4 * Science Specifically enabled by Moon and/or Mars Missions. 

5 » Basic Research Not Directly Applicable to Moon and/or Mars Missions. 

* • Indicates primary category of application. 


CRITICALITY 

Criticality 1: Consensus that answer is required for Mars mission, (known effect and known problem for mission).* 

Criticality 2: Answers might be required, science basis to evaluate risk is not adequate.* 

Criticality 3: Required for practical optimization of resources (or countermeasure effectiveness) and minimization of risk. 
Criticality 4: Important science which is relevant to exploration mission. 

‘Crewmembers must be able to effectively perform mission tasks in transit vehicles and on planetary surfaces; and must recover in 
a reasonable time from any detrimental effects to lead normal, healthy lives upon return to earth. 


1. 

Science Readiness Levels 

ia 

Centrifuge 




1. 

Only folklore of practitioners and anecdotal data available 


x - 

SSF Centrifuge Facility would be used 



2 

Basic sdentific concept formulated 

ii. 

Free Flyer 



a 

Ground models developed, flight validation required 


x « 

Free flyer bioeateilite 



4 

Flight validation performed 

12 

Lunar Base 




a 

Countermeasures identified 


X - 

Lunar base wouM be used 



a 

Countermeasures tested 

11 

Robotic Explorer 



7. 

Operational requirements established 


X 

Robotic explorer would be used 


2 

Technology Readiness Levels 

14 

Other Requirements 



t. 

Technology need identified 


x - 

Requirement tor flight resources other then those 


2 

Technology and conceptual solution availed# 



identified in 8-10 



a 

Component and/or breadboard validation in laboratory 

IS 

Flight Validation Required 




environment exist 


1. 

Right validation required 



4 

Flight validation performed 


2 

Not required 



a 

Systems/subsystem prototype demonstration in a relevant 

11 

Facilities Sufficient 




ground or space environment completed 


1. 

Current ground feci ties (NASA Centers, 

1 

1 


a 

System prototype demonstrated in a space environment 



and provide indutey) are sufficient. 



7. 

Actual system completed and fight qualified through test and 


2 

Currant ground facilities insufficient 




Demonstration 

17. 

Community Sufficient 



a 

Actual system flight proven* through successful mission 


1. 

r 

fi¬ 

ll 

1 

1 

already 



operations 



committed or reoruhafafe 


a 

Schedule (information required by) 


2 

Scientific community Is insufficient 



1 

• Near term < 5 years 

1& 

Attract New Community 



2 

- MM term 6-10 years 


1. 

Activity will attract new scientists 



a 

■ Far term > 10 years 


2 

Activity wM not attract new scientists 


4 

Effort Required 

12 

Group with other drabplines (can this activity be grouped with 


1. 

- Substantial 


others from different life science disciplines?) 



2 

- Moderate 


1. - 

No, cannot be grouped 



a 

- Low 


2 

Do not know at tile time 


& 

Defined Sequence (Clearly defined sequential path tor sdentific 


1 ■ 

Behavior, Performance and Human Factors 


investigation exists) 


4 

Regulatory Physiology 



1. 

• Yea 


S • 

Cardiopulmonary 



2 

- No 


& ■ 

Environmental health 


a 

Persies Alternative Path (are paralei or alternative pathways 


7. 

Musculoskeletal 



appropriate) 


1 « 

Neuroadenca 



1 . 

» Yes 


a 

Radiation Health 



2 

- No 


10. 

Cel and Developmental Biology 


7 . 

Ground-based 


ii. 

Plant Biology 



X 

m Ground-based research required 


12 m 

Life Support 


a 

Spaoelab 





X 

- Spaoelab would be used for research 






EDO 

• Spaoelab needed for Extended Duration Obiter 







Program research 





a 

SSF 







X 

• Space Station Freedom would be used 






Table 7 







Table 7 Critical Questions That Would Utilize A Lunar Base 

Listed by Category and Criticality 



J3 a 

s :§ 
a.«g 
‘ff* 

<o ri 

a e 


ill 
1 „ 1 
O > (A 

• ri ■ I-** 

•c | S 

'ill 

u ll 

.. o it 

S « 

•R Cl « 

" 4 1 

o cr 
g v 

* c 
CO t> — 

A gj 

il! 

SSI 

i'S? 

-g o £ 

I S !1 

4 4 | 

3 H 

j> T3 -g 

ail 

3 ii s 
3 ^ ^ 
*> — n 

5 SI 

1! t> *T 

<T> —* t 

U £ «• 

» § g 

sit 

ill 

dai 

CQ 

•S « H 
3 > ™ 
^ ii S 
^ 05 *—3 

3 I A 
8 4 - 

i 8i 

! 8® 



























Critical Questions That Would Utilize A Lunar Base 
Listed by Category and Criticality 


8 

b 

% 


a. 

3 

O 

w 

<D 


CM 

<0 

CO 


O) 


to 

C*3 


00 


to 


CM 


CM 


LO 


CO 


CM 
- | X 


O) X 


oo 


X 

I 


h- X 


to i- 


tn ▼- 


CM 


CM 


"t CM 


CM 


CO i- 


CM (£> 


CO 


CM 


CM 


_o 

% 




CM 

.O 

O) 


00 

CO 

o 

O) 


If) 

CM 

a> 

o> 


c 

o 

+* 

m 

© 

3 

o 


- rs 


o 

a> 

It 

O o 

C -p 

II 

ft 

® 5 

O) ™ 
CO ® 

o u 

« a 

T> *» 
© £ 

« Q- 
m O 

8 ? 
O (D 

S.T3 

CD 
iO 


(0 


T5 ♦? 

SI 

h. 

rji «~* 

p 3 <0 

.= C 
<0 O 

2 o 

(D 

u CD 

£* 

* — 

2 § 

•§ 

CD 

_ a c~ 

O) « 

C co C 
*p © ® 
«0 3 P 
X a C 
® c o 


I 


*D 

© 

€0 

(0 

JO 

Sf 

11 
a 2 

•s? 

s | 

® Q. 

€ E 

n 


CD v, 

it 1 


d) ® 

« jQ 


■9 w ° 

i 


a 

© 


(A S © W 

o 5 a# Q 


§* 

ti 


09 
C 
-O 2 


8 


■f i I 


« 

o 


O O 


~ 2 ■§ 


I is 

u —l 
O LU 


s a w 
I to O 


c9 © 

2 8 

® a. 

O (A 

S w 

£ E 
T3 ® < s ‘ 

e- C « 
2 Q. ® 

> O •“ 

> ® > 
> o 

■ © o 

JO© 


© 

© 

° •= 


c 

© 


i 2 


c ±3 Q. V 

© 5 a> c > 

2 C *i ” § 

, to T2 

1 8 S • 

c s 

o a^-o 
o> § ? £ 
■I 8 E ® 

I | S o 

32 ® q 

SlSj 


© 

£ 

© 

c3 

to 



5 B 


co 

a 


s 


o 


V) 


II 

VO 


M a k 

m 


ii 


CM 

O) 


l! • 

.o 


• • 
o 

* • 
CM 


CO 






















Table 7 Critical Questions That Would Utilize A Lunar Base 

Listed by Category and Criticality 



<A 


CD 


O) 


-Q 

£ o 

O) 


1- CM 

® (0 


CO 

(0 

•<fr 


CM 

n 


*n 

© 

3 

o 


co 

o 


O 



in 

O 


CO 

O 


CO 


CO CO 


CO 


CM 

O 


CM 


CM 


CM 


O 


CO 


* 


C1 =Environmental Health C2=Countermeasures C3=Medical Care C4= Enabled Science C5=Basic Science; Cr=Criticality 

l=Science readiness level 2=Technology readiness level 3= Schedule 4=Effort 5=Defined Sequence 6= Parallel/Alternative Path 7=Ground based 8=Space Labs 9=SSF 10=Centrifuge 
ll=Free Flyer 12=Lunar Base 13=Robotic Exporer 14=Other Requirements 15=Flight Validation Required 16=Facilities Sufficient 17=Commumty Sufficient 18=Attract New Community 

6/16/92 - 12:40:45 Tab,e 7 Pa 9 a 
































Table 7 Critical Questions That Would Utilize A Lunar Base 

Listed by Category and Criticality 


1 






o 

CO 

CO 

0) 

O) 

6, 10. 


T- 

y-. 

<r- 

t- 




OJ 

CM 

CO 


CM 

CO 

CO 

CO 

CM 

CO 

i 

CM 

CM 

CM 

CM 

CM 



LO 

X) 

O 

O 






O T— 

— © 

00 05 


« 

c 

^ c 

^ i £ 

S O « 
° © i 

© T3 
.O £ © 

© « c 
© i E 

« & 8 

•2 c S' 

05 CO ^ 

o e ® 

o © £ 
c c 5 

■§ g, 3 
© J CO 
~ O - 

ts O 
(0 w CD 

if* 


to 

E 

CO (V. 

c w 
§ 2 
P 3 
o *° 
S © 

o 8 
E Q. 


© 

sz *o 
** c 
^ (0 

© 2 

I 5 

■° 5 

c E 

! i 
I S 

® C 

c ° 

~ >s 

© 

-C £ 

© 05 
*3 O 

o 

^ E 

c c 

© <4_ 

o 


> © 


3 

CO 

O © 
•c © 

l a 

a * 
© c 
o o 

I s 

5 C0 

© o 

Q. 

o E 

© 8 

© 

> © 
© © 
— O) 


= C 

® T5 (S.. 

© 3 © 
® O u 
*9 C 3 

• .r •*-* 
3= © 

° © © 

oaf 

© E 

« r* © 
♦-* t ^ 

S 5td 

*= © C 
© Q. © 


C 

o ° 

*c © > 

© ir iT 
jr- O © 
*5 h_ 

0.0 0 
© © 
o **“ T> 

III 

13 w .£ 

~ q ® 
c S -O 

© C — 
♦-» -=r 

an 


2 I 

° CD 
© C 

81 

S? 

© ^ 
-c co 


♦2 3 - 

5 e 
5 8 


03 

o 

O 

-C 

o 

>% 

© 

Q. <>. 

1 S 
§ § 

If 
© £ 
>* Jr 
.C © 
Q. Q. 


| 8 
i a 

X) c 
© 

© c 
c fc 
o c 

'8 B 
S | 
a i 

c . 


5 'is 

© xj 

4: 2 


C 

© 

E 

Q. 

O 

© 

> 

© 

T3 

© © 

£ 8 
*- a 
o © 


© 

T5 E 
£ © 
- to 

s g 
si 1 

.2 o 


c 

o c- 

c 

s: ° 

> .21 

© *o 


_ © 

TJ TJ 

§1 

.$-•8 

> © 
© C 

6> © 
o E 

13 -S' 
fi 

© Q 

© S 

€ 3 


$ « 
O © 

X o 


© 

CO JZ 
© i_ 
© 

E 

o c^- 

© © 

-s & 

® § 
s E 

© D 

*c3 -c 

I c 

w a 

© Q. 
O 3 
3 © 
"O 

O O 

i_ «-* 

II 

o © 

© 

I • 
s 


2 

3 

8 .. CO 

w c c 
o © 
©sc 

C CO p 

5 g. 2 

x *- s 

g 3 CD © 

.£ c o 

1^° 
a I I 


_® 

»I 
» B § 
o a 

S. *© *F © 


81 2 il =6 

5lof iS 

c 

I I I I 8 I 


C1 ^Environmental Health C2=Countenncasures C3=Medical Care C4= Enabled Science C5=Ba$ic Science; Cn=Criticality 

1 =Science readiness level 2=Technology readiness level 3= Schedule 4=Effoit 5=Defined Sequence 6= Parallel/Alternative Path 7-Ground based 8=Space Labs 9=SSF 10=Centrifuge 
11-Free Ryer 12-Lunar Base 13-Robotic Expo re r 14=Other Requirements l5=Flight Validation Required I6=Facilities Sufficient 17-Community Sufficient 18=Attract New Community 

6/16/92 - 12:40:48 Table 7 Page 
























Table 7 Critical Questions That Would Utilize A Lunar Base 

Listed by Category and Criticality 


CL 

3 

2 

o 

6. 10, 

o' 

co 

6, 10, 

CO 




n. 



T- 

to 

CM 

CM 

CM 

in 

r— 

T- 



o 

© 


© 


co 


CM 


O 


X X 

1 & 


oo 


0 


CO 




co 


CO 


CM 


CM 


CM 


CO 


CM 


CM 


CO 


CO 


CM 


CM 


CM 


CM 


CM 


<0 

© 

3 

a 


CO 

© 

o> 


<0 

03 


p"- 

© 

0> 


© 

© 

3 

o 


o 


"D 

O CL 
O O 

© ° 
■£ o 

© >. 
N +Z 
C o 

i * 

a 
o 

o CD 

c 

-a = 

cd o 

imm 

*5 2 
o- £ 
© 

k_ k_ 

© 

© 

© * 

© T-. 

c ^ 

O C 

■-E © 

t ? 

81 

L. 

1 S 

I s . 


© 

£ 

CD 

C 


® S. 

£ T3 

3 

4-> *- 

© 

© 

03 

c © 


« .E 


© „ 

'o 

t u 

Q. © 

T5 

© )- 

o 

«- © 

*c 

© ^ 
w_ © 

© 

a_ 


© 

4~* 

c 

© 


3 

C 

© 

© 


a 

+~> 

© 


% § 
© ° 

© 

03 -Q 

.E -o 

H 

O 1 


© 

JO 

- 3 
>» © 

15 *.. 

8 - S | 

0*0 E 

12 o 


1 8 


TJ 

C 

© 


f ^ 

O 5 

| s 

8 .*° 

E 03 
c 

*3 

© § 
03 CL 


® © 

£ r* 

H- *» 

<v i 

2 E 

c •= 

CL E 


C s ^ 

4 - © © ‘> 


-8 


C 

© 


S ^ © o 

- ■? O o 

"oo —^ Q. OC 

E 


© 

3 

O* 


8 I 


O 
© 

. ~ <D 
£ § 3 

2 E # 

2 § | 

ID C CL 

Q- 5 E 
E £ © 
© © 

© © 

®"5 3 

i < 8 

— CD 
O I z. 
> I Q. 


© 

© c 
♦-» 

o 

*= w 

JJ “Q 

© .2 

I 8. 

1 ? 

S O 

1 fc 

o S 

© tr 
© 


l 


i ° 

• i 

£ © 

© © 

© 5 £: 

~ s $ 

J o J 

I J.S 


03 

C 

5 

_o 

o 

^ W 
© CO 
x: -J 
♦= UJ 
03 O 

*« 

3 E 

o © 
*— © 

S ° 
© ± 

■a 3 

C o 

© © 

o ^ 

a 8 

© *— 

€ ® 

© W 
— © 
4 - C 

© Jc 


© 

8 

JO 

© 

tr 

© 

> 

73 


© 

© 

L_ 

h_ 

© 

4-* 

T3 

C 

© 


© ^ 

rr ® 

© © 
h- 

. JO 
© © 
« r 

.i 5 
5-S 

T3 
C 
© 


© © 

&?l| 
^ m z 


© 

4-< 

c 

_© 

a 

© _© 

|s 

73 ® 

C br 

o 2 

H = 8 

<b 1 

M 


£ >, 

- CO 


I § I I I I I I 


in 

O 


co 

O 


CM 

O 


a 


v> 

03 

Q. 





s 


U- Q 
CO 3 

1? < 
O' II 
irt 

Si 

8 | 

8.1 

00 £> 

■? § 


























T * bl « ? Critical Questions That Would Utilize A Lunar Base 

Listed by Category and Criticality 


O 
to 

b 

-1 ° 
CD 

£ I 01 
o I 

*■ ® 
CL | LO 

ii* 

0 co 


O) 

co 


O) 

co 


<© 

0 

O) 


CO 


CD 


LO 


CO 


CM 


O) X 


CO X 


h- X 


CD i- 


in 


^ CM 


CO 


CM 


CM 


% 


0 

0 

3 

o 


c 

o 


0 

0 

3 

o 


CM 


00 

-Q 

O) 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


O) 

-Q 

O) 


if) 

CD 

.Q 

O) 


o 


LO 

o 


o 05 

«•— k_ 
0 

© -g 
c ‘0 
© c 

S« 

.i= T3 
3 3 

S* o 

® r 


0 o 

O (D 

® E 


0 


® 

> 

o 


c 

*0 

o 

L- 

3 

CO 


c 


c 

o 


’■5 8 


£ 0 

„ 3 

3 cr 

C © 
g jr 
5h „ 

09 

a.?; £ 

© O £ 

m o 

0 o — 
£ w O 


• t 

k. 

c 

® 73 
E c 
® o 

.h ‘£3 
3 'C 


c © 
0 0 

E 


T> 

0 


*o 

o 

E 

® 

k_ 

'5 


o 

$ 

E 


0 

C 

0 

E 

0 

k_ 

*3 

y 


c 


T3 

§ c»- 

« ~s 

"5 S 

8 | 

11 
O 0 


0 

X) 

>, 

0 


_ ® 


« 52 *£ 


o w c ** 

” t{ W e* 

« © p 0 


i «> 

i ® 


m 

o ® "2 
c .c s 
o ^ 

73 = © 

°5| 

i i-s 


03 


00 2 

I**?l 

E'S.'S-I 

.? C - E 

3 . § © -g 

ST § 0 § 

l. X3 w 

a .52 ^ & 

CO Oil 

II 8 I 


(0 
■5 

AS 

*- _ 
o JZ 
♦»* 

Jj -C © 

a w 2 
0 w 2 
o ® g 

ia "E •- 

® 0 0 

€£‘S 

© o ^ 
I « E 

if 5 


T) 

§ 

0 

8 

I 

JO 

3 

0 

o 

x 


E 

2 

E 

o 

TS 

2 0 
0 

0 

0 3 
o 

I 


<s 


® 

(3 

2 

0 

c 

o 

S 

T3 

5 

*D 

C 

a 

0 

0 

w. 

* 

0 

6 
0 
£ 


|! 
0 
0 


0 

O 

§ 

2 


0 

1 

1 


0 

8 | 
c fc 
® ® 2 
!r a c 

Q. jj? C 
X 0 O 

ir 0 

Hi 

3 § a 
f f£ 

s 0 ? 
•= *- .0 
E S *2 

& « S 
**- K o: 


. O- 
cv. © 

0 T, C 
c ? ® 
© 0 E 

E 3 0 

_ h. 
® ® = 
L. ft 3 


w , 5 * JJ “ 

o 7T O' m ® 

*Z r- 3 y ® *- 


c 8 


o 0 

s § 

#» 

f; 

8 2 

0 

JS 

09 *= 
C c 

?8 


0) 


o 

€ 

•5 

£* 


if 

o § 

o :> 


=. 0 

sr ® 

S I a 
£ 5 ® 

= 8 ® 
SM 


c^* 

2 >. o 
>.~ 0 
Q. ® *0 

a c ® 
" 0 fc 

r- 0 

I « o 

0 ® _ 
® <£ c 

a-2 8 

?y 5 

C M OL 
0 3 0. 
3 
0 


o 2 

^ |q 0 
O ® 


5 

c 


II 

“c 

E 


I o ® 


^1 

0^13 


II lE I I I I I I I I § I 


0 

E 

« £ 
si 
«§ ® 

m 

O LLI o 

X O 8 


D 

s 


>^e 


s 


§ 


CM 

ID 

o 

CM 


CO 

0 


CM 

o 


CM 


CM 


O r- 


CM 

o> 


CD 










Table 7 Critical Questions That Would Utilize A Lunar Base 

Listed by Category and Criticality 



*31 

C> II 

m 22 
Xi 

J C 

o 

s :3 

* * 
« i 
j i 

*o s 

i v 

s* 


til 

1 s* 

•C I S3 

f | | 

u 5 § 

i u. 
.. u II 

81* 

•8 <2 1 

<» 11 

O rr 

■S 

ffl S - 

•I tL § 
vo a* .2 
r> o 3 
^ c/5 J 


*G Q 

11 II 

VO 


Js 

4 4 


ra w 

I* 

§ m 


r™" 


■s « 

K Z 
•g <3 

8 4! 


1 | 
W q 
II CO 
«—> || 

U - 
































Table 7 Critical Questions That Would Utilize A Lunar Base 

Listed by Category and Criticality 


Group w/ other Disc 

3, 4, 5, 6, 7 

3, 8, 11 

3, 8, 11 

CO 

1- _ 

h- 


CO 

W CM CM 

CO 

i- _ 



CO 


CM 

X 

X 

X 

H 


B 


CD 

X 

X 

X 

CO 

X 

I s -. 

X 

X 

X 

CO 

T- ^ 

LO 

04 CM CM 


w CM CM 

CO 


CM 

CO 7— 


^ CM y— 

o 

^ CM CM 


CO 

o 


CM 

o 


o 


co 

*o 

o> 


CM 

CO 

*o 

O) 


CO 

CO 

TJ 

CD 



oo 


■i i 


e 

£ o 

&£ 
3 

00 


oo ^ 


^ £ 
*& 

o > 
-n 
c 

* 

u 


rt c 

5 i 

fv 

Jr 

C" c 

4> 

C 
£ 

00 
V5 

4> 


4> 

O 

C 

4> 

1> 

<« 

C 

CP 

c/5 

II 


vO 

• M 

V) 

<d 

CQ 

8 

s 

11 

3 

vo 

or 

U 

4> 

00 


V 

O 

c 

4> 

*C 

C/5 

-o 

<u 

3 

<d 


Jf 

£-U 
II 

VO 


"O 


3“ 

4 ) 

as 


*3 

> 

■a 

s 

ii 

on 


"O 

<u 

4) 

Q 

II 

VO 

e 

.0 


tS S *2 

4 “ 


U 


4> 

a 


"O 

1 ) 

s 

n 

m 

U 

t/3 

& 

3 

tfl 

<« 

4> 


II 

Tf 

V 

3 

TD 

<u 

03 

o 

c/5 

ii 

cn 


cr 

«- 

<u 

_c 

w 

9 

Tf 


& 

o 

& 


V 

CM 

u 

•s 

3 

u 

a: 


& 

&*! 
■§4 
4 * 

f2 


fM 


<U 

> 

JU 

C/3 

(A 

D 

■S 

-o 


m 

8 

cd 

CQ 

»- 

a 


tN 


§ 

I i 

C 4> 

- =ff 1 

U ~ - 


4) 

>x 

c 

4) 

e 

PU 


CO 

o 

U) 

CO 

CL 


O 3 

60 fc 

r- 

1 “™ - 

^ r° 
c O 

U * 

it 

Table 


uu 2 
oo h 



C ff < 

Ov II 




CO 

LO 

O 

■M; 

CM 


CM 

CD 

CD 


CO 













Table 7 Critical Questions That Would Utilize A Lunar Base 

Listed by Category and Criticality 



CO 

CNJ 

CO 

CNJ 

CM 

CM 

CO 

T- 

CO 1 



U. tt 

c n h 

v < 

ON II 
oo 

vi ~Z 

£> — 

J3 e 

u 

♦s 

00 ^ 

t 3 -a 
<u C 

<3 c 

*° I 

P B 

£ ^ 

t t— 

?! 
r- c 
- o 

1 

3 fa 

« u .2 

II 5 

III 

u 3 S 

> u- 

.. u li 

81 - 
V t* tJ 
■rt Dh w 

l I 

u cr 

| 1 c2 

4 || 

u « 1 

.■s| 

'SiS 

2 ® i 

1 «" 
•§ o £ 

iS w 2 

4 4 | 

. 3 £ 

o x» a 
53 2 o- 
U -g «j 
^ C/3 & 

3 n £ 
3 ^ £ 

^ ^ o 

s £ 9 
11 ^ 

u « Z 

W i\ 

M e n 

ill 

i il 
£ -2 £ 
q O o 

5 § OC 

%u 

a T3® 

"2 % | 
k «3 

3 BA 

ii- 

Ego 
5 £ ^ 
g O E 

I s « 
5 -81 

4 <fl 1 


























o 

i 


<s 


O) 


.O 

« 


CD 









Critical Questions That Would Utilize A Lunar Base 
Listed by Category and Criticality 


© 


<0 


in 


ID 


o 


<0 


CO 


to 


CO 


00 


CO 


(0 


r- CO 


CO 


CO 


CO 


CO 


CO 


CO 






r- 

T- 

T- 

- 

- 

h- 






<r- 



T*“ 

- 

CO 

rvi 

CM 

1 CM 

CM 

CM 

CM 

CM 

CM 

CM 

- 

LO 






r- 

i- 

- 

T~ 

- 


__ 

co 

X 

CM 

V 

X 

X 

X 

X 

X 

X 

X 

X 

X 


X 

o 



X 







X 


x 

X 

X 

X 

X 

X 

X 

X 

X 

X 

UJ 

x 

X 

X 


X 





X 

UJ 

x 

X 

X 

X 

X 

X 

X 

X 

X 

X 

tr% 







T- 

T- 

CO 

CO 

UD 

CM 

CM 

CM 

CM 

CM 


T- 

T- 

CO 

CO 


CM 

CM 

CM 

r— 

CM 

CO 

T- 

CM 

*- 

CM 




T” 

CO 


CM 

CM 

CM 

- 

CO 

CM 

5 

CO 

5 



GO 

CO 

T- 

- 

CM 


CM 

CM 

CM 

r- 

CM 

h- 

CO 

r- 

CM 

- 

o 

CO 

CO 

CO 

CO 

CO 

CO 

co 

CO 

CO 

- 

* 

** 

© 

© 

3 

o 

LO 

CM 

O 

CD 

CO 

CM 

O 

CD 

9c30 

9d37 

-tf 

© 

CD 

9f3a 

u 

5> 

9 f 5 f 

CM 

O 

1a9 


© 


TO __ t TO 

o ? ® ® £ 


a a 

C ^ 5 

Cfl W §-o 

uj g J5 . 

OS TJ ^ 
c © © 3 

r r* 
</> © ® ±5 


© Q © 

^ £ ® -Q 

© CD j£ & 

E £ 2 -o 

5 H5 5 ® 

©S' 5 2 

£ ® *5 c- 
© O © * 5 
oa ® '3 

O Q. 


W — f 

k- TO 


s .s; OT 

a u. -r u 


® .ts 


— ^ Q. 2 * 


© ® TO 

H © ♦** 


2 £ 


O 


t: *w ^ 


© 


— o ♦- 


^ » os «? +z .= 




V# 

w C 


®i S 

” LU CJ) 


a 8 c c 
C w. O F 
*c O. -2 E 
3 _ © <3 

*n O 4 -S ^ 

” ♦- c 

S § |8 

B <5 “ « 


© 


13 


® s 


■= o 




E Q. 


_ >> 


o 


o 


© 


o O 


■fcs © 


J = 


3 Jf 


© .tf ^ 

I = ® 

t 8 5 


O ♦S Q. 

«, | - 
■S *£ 

© T) 

& § *8 

cl§| 

IlSl 


© 


.■8 

© w 

O Q._ 

•g ® * 3 

s ?i 

-o © © 

§ i -al « £ 

« O 0. 3 _ 

© ° *5 fi 12 
o. _ © © -e® tf**p 
n © 2 §• 2 ® 

m a .« 5 |j ® 

f £ 8 I •§ <3 6 


• - c^- 


§ 1 


£ © © 
> n _ C 

s & 1 J I 


© 


~ ® 2 

« > C 4- 


kJL __ w 

* ?ls 


s a &£ 5 5 SS 

A _ S _ © »- 


8 Si 


^ x: -o 


© 


© 


© 


2 £ E 


© 


CO 


CO 


CO 


CO 


CO 


CM 


c 

O 

c 

u 

4i 

u 


Z 


w 

u 

u. 

GO 

S 

GO 

II 

< 

Os 

n 

VI 

00 


4> 


a-s 

V g 

cm i7 


u 


LO 

■M; 

CM 


CO 



3 

s 




N* 

oo" 




0 

04 

CO 


co" 

pC 




00 

T— 

- 

f 

T- 






N- 

#A 

CM 

- 

1 - 


v- 




vO 

CM 

- 

T- 

r— 

y- 

CM 

CM 

CM 

in 


T» 

T“ 


y- 





__ - 

CO 

r\ | 

x " ~ -- 

VN 

X 

X 

X 

V 

ss 



— 




CM 


< o 


O 

*■* 




X 

X 





O) 

X 

X 

X 

X 

X 

X 


X 

x 

00 

X 



X 

X 




x 

r*-. 

X 

X 

X 

X 

X 

X 


X 

x 

CD 

CO 

- 

CO 

CO 

CM 

CM 


CO 

co 

U) 

CO 

CM 

T- 



T— 


CO 

co 


- 

- 

1 - 

T— 

CM 

CM 



CM 

CO 

CO 

CO 

CO 

CM 

CM 

CO 


CO 

CO 

CM 

- 

T- 


CM 


£ 


£ 

£ 


T^“ 

CM 

CM 

CM 

CO 

CO 


CM 

CO 

O 

- 

- 


<r- 

y- 

CM 


CM 

CM 

4M 

(0 

© 

3 

o 

*o 

0 > 

I s ** 

T— 

03 

5c3 

6 e1 

1 a6 


-Q 

CM 

X> 


a 


B S 


£ £ 


o 


o 


« s 


c £ 


§8 

0 -°<v. 
(0 
c 

ui cd tt 2 ^ .2 

* o 2 w 

ffi >. T3 »(5~ 

€ M 2 -2 2 e 

_ TJ Q. *» q_ . 

sfsS°- s 

Ii e i i| 

| S 25d 9 

> CO Q. <0 -c Q. 


O 

O * 


<0 ’C o 
o ~ **“ 

.? E ® 
o> ° to 
o -5 2 

CO >* -O 
b W C 

l“8 

i 5 ® 


■? « 


.= c 


- *5 O) 


£ > 


s 


® > £ = 4 

is* ! « 


<0 


s 


a 


•7t O 


O >^‘= 


00 


.VJ c -J w a S ro 

s <3 O ♦* o ^ 


a 


o. ?: ® 


-2 <0 c 


CO 


CO 


1 j ® 


X) *= 


co 


r 2 E 3= f3 w Q 

^5 a£ *®~co ~ 

= t5 s: 3 2 «- « *? co 


<0 


to 5 


« w 5 

© >* © 
> « L 


CO 


<0 


© c c^ 

o o C 0 

(D P O 

§ S’.S! 

♦- _ c CO 

O ^ 3 C 
b C ^ 

o* (0 c T3 

© © E 
£ E 8 2 
2 a S 8 

to i | & 

€ 2 c *; 

> O) ® ,E 



Tp 


CO 

CO 

CO 

* 

CM 

« 

CM 

« 

CM 


CM 


CVJ 


04 


CM 


CM 


•E 


j 


^ 5 


* V 


« s> 

vi ^ £ 

ill 

III 

§ o o 
J od 

II 

m 


CO 


CO 




Critical Questions That Would Utilize A Lunar Base 
Listed by Category and Criticality 


CM 


CM 


<D 


CO 


00 


O) 

« 

Q. 


00 


cvi 


00 


O) 

(D 


lo 


oo 





y— 

- 

N> 




CM 

T- 

- 

(0 

CM 

CM 


CM 

T- 

- 

to 





T- 

- 


CO 

CM 

— v 

X 

X 

X 

X 

X 

X 

- 

10 





X 

X 

o> x 

X 

X 

X 

X 

X 

X 

co X 

X 

X 

X 

X 

X 

X 

o* X 



X 

X 

X 

X 

© r- 

CO 

CO 

y- 


CO 

y— 

LO CM 


T— 

CM 

CM 

1- 

- 

^ CM 



CM 

T“ 


CM 

CO CO 

:cm 

CM 

CO 

CM 

CO 

CO 

CM 

5 

5 

5 


CM 

CM 

r— CO 



CO 

CM 

CM 

CM 

“C“ 

O CM 

CM 

CM 

CM 

CM 

CM 

CM 

m 

** 

0 






LO 

Que 

1 d7 

CM 

© 

1 e3 

- 

1 f 3 

© r. 





05 


a> td 05 
o 3 c 

Sow 

S’ c W 

Crt 0 


« 


= o- 


© 


«■*- a is 


CO 


o 


W .05 


c a 

05 ° 

8 £ _ 

TO CD 

C C © 05 

* ® © ® £ 

3 p* w" </f (5 

w® ^ © E 

i„«?l 

© rt 05 2 > 

■£ w S © © 

© .S w °* ^ 

SI C 


-t: “• •— r- 

? 8 ^ E a 


. E 

og s 

O en 
« P r 
© C ^ 

S S' 52 

§ ° s 

O fl r 


2 05cv. 

O .E CD 

*> C o 

js | S. 

jO • c 
c — 

13 o © 

Ilfs 

3 8*1 

111 §■ 


£ £ 


1 #«. 8 


</> 


e- <^1 


> 

© 

>* 

^ w y* 

OH £ — 

_ *o 
• 

■> 

lei 

05 © 
© *° 
c 

3 

TD 

c£* 

O O CL 

s s 

O 

w_ 

CL 

'll ■§ 


2 ^ 


© 


I 


© 


© 


8=1 


: o 


rt 


E C c 
C o o 

S 1 *§ 

> ® o 

c ts © 

© © TD 


© C <A 
E T) 3 

8.5 8 


3 S 

©p 

♦- -C >N *2 

ss " -a ? 


.5 8 I ! S’ 

5 S e ^ 8 

O C c _ © 

■D E o ^ E 

> o i2 t 

> tl > © © 
o © c o .c 
I Qu ® 05 Q- 


O > ©* © 

o 8 * « 

ST S To S' 

Q. © -C 

^ E 5 .£ 

© o c T3 
"© 

©0.0 

5 © C g 

■> © .ir 
(D c 

t w 

© 

~ 3= 

© ® 


— © 


i o- 


© 


i 


c ® E 

2 ?£ 

> © ^ 
c x: © 

b © o o. 


CM 


CM 


CM 


CM 


CM 


CO 


CM 


CO 


CM 


CD 




in 


in 


in 


cm 


oo 


co 


h- 

7, 8 



in 

m 


„ 

M 1 


co" 

co" 


CM 


o 


x ; 

X 

X 

A 

X 

X 

X 

O) 

X 

X 

X 

X 

X 

X 

X 

X 

oo 


X 

X 


X 

X 

X 

x 


X 

X 

X 

X 

X 

X 

X 

x 

co 

CO 

CO 

C0 

CM 


i 

CO 

CO 

CO 

in 

- 

CM 

1 m 

CO 



▼** 



M 1 

CM 

- 

1 - 

CM 

CO 




CO 

co 

CO 

CO 

ip. 

CO 




CM 

- 

CO 

CO 

CO 

T— 

CO 

CO 

CM 


« a 

P O 


CM 


in 


cv 


CM 


CO 


CM 


CM 


CO 


CM 


CO 


CM 


CO 


CM 


0» 


8?5 

® § E « S c * 

1 f « >.-§ 3 

* f £ £ 3 2 
| s * 1 * £ 

imif j 
I s-s J 1 - si 

£ £ « O ^ * K 
jS T3 c £ O .s O 
C b c _ O 3 

~ B C ? g « ? 




S o 

<3 


I 


CO 


8>§ 


tt S 


■2 E 


> « 


x: ~ o ° 5 S 
«- » o ^ o c3 


> o o % * 

11 » I ■£ S 

^ E *o ® ■© « 

25 8 Si Si 


» 


£££ 


® i g a | 

• S1 f S’ 

II11? 

I 8 Its 


Jo™ 

fc ® CO 

® >c ® 

ii^ 

e S I c 

.22 ■© *o 


±2 co 


CM 


CM 





CO 

co 


* 

« 

* 

CM 

CM 

CM 


111 

^ u 

1 gif 

2 £ X 

g 1 as 

V (S a 

oSj 

- _ «3 

11J 

II s : 

fi * & 

>s 


CO 


Critical Questions That Would Utilize A Lunar Base 
Listed by Category and Criticality 


CO 

oo 


co 


LO 


CO 


CM 


00 


CO 


LO 


CO 


co 


CO 


CM 


CO 


y 

1 X 

X 

X 

X 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

x 

X 

X 

X 

X 

x 

X 

X 

X 

X 

CO 

CO 

CO 

CO 

CO 




r— 

- 





- 


CM 



- 

CM 

CO 

CO 

CO 

CM 

CO 

CO 

CO 

CO 

CO 

CM 

CM 

CM 

CM 

CM 

JO 

in 

CO 

JO 

in 

5c1 

CM 

O 

in 

5c6 


o 


8 


o 


"O 


w W ” 

Q. © r- 
> Ss 

'P O) 2 o 
O cSil 

§ 2 > 

S 3 » 

i*u s 

8 s c f s 

r © .O W n 

fc w ® 

r S 2 C 
© © £ •£ 

© -, Q- © 


<0 3 
rrt 


^ X S.9> 


® 5) ® > 

s ® ® 

E « n 

k2| 2 » 

® •s i o 8 

3 *5 o 


© a 

c © e ® *“ 

-O ° t © m o- 

*- « . 3 © © c 

O ® O O ® * O 

(D w u C © 'J3 

® <3 £> ® I s s 

i ~ f I ■S a 3 

o c cd F _ © 2 

8 2 « « £ ® H 

® ® 2 5 * •? 

I =5 | .2 S i E 

■5 S o * « 


© 


© 


© O — -r ©X>^_ 
J3 c ® ® O n c tJ 

O <3 c 
®tg w 2i9 3 ® 

£ § *® 


- «* ® o'® 

to © 2 § § 

f t E c o 

"22 b) 


ns ^ ^ 

♦- n _ X 


U © 
w 


o 

e 

* 

P o © 

Z- S £ X & | 

t! © o ^ w 

© 3 o. •=; 2 2 

w © x 5 — © 
w © 2 m ro 
2*= o> ® cn 

2 ® ? 2 2 $ 

> o © £ 

i i ^ 1 ; ® 

© £ >h"2 c 3 

5 §!« 0 " 


§ 3 

© © E j5 
5 2 *3 o 


o w 


c F 

© £ 
4-» 


*= c** 


tr © 


w o -s *r © » P C 
^ X J i o o B | 


© 


© 


3 9 

e ; © 5 £ 

© O P © O 


© +- c>- © .Si 

u . ffl : r- 


© © 

<0 i ^ 

° ° S> 3 

§ E 8 ! 5) 

-§ -o S -S ® 

© § E S £ 


CM 


CM 





CO 

CO 

CO 

•* 


« 

CM 

CM 

CM 


m 


oi 


o 

3 


on 


00 

CM 

CM 


CM 

o> 


CO 




o 

CO 

b 


4 > > 

v | 

o 

u- e 

C/5 h 

V < 

ON II 
00 


CO 

c 

3 >N 


CO 

< o 

O w 

_n O 


S >* 
o »> 

5 ° 

o 


m >> 
c «° 
o 

'5 ^ 

10 A 
® ^ 
3 0 

O □ 


CM 

X 

X 

X 

X 

X 

X 

X 

X 

x 


X 




X 

X 

X 


x 

O 

X 

X 

X 

X 

X 

X 

X 

X 


O) 

X 

X 

X 

X 

X 

X 

X 

X 

x 

00 

X 

X 

X 

X 

X 

X 

X 

X 

x 

r-. 

X 

X 

X 

X 

X 

X 

X 

X 

x 

CO 

CO 

CO 

CO 

CO 

CO 

CM 

CM 

CM 

CVI 

IT) 

- 

- 

T- 

T- 



CM 


ru 


- 

- 

- 



CM 

CM 

CM 

m 

CO 


- 

1 

1- 


T- 



CM 

CM 

CM 

CO 

CO 

CM 

CM 

CO 



m 

h. 

CM 

CO 

CM 

CO 

CM 

CO 

CM 

CM 


O 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

0 






l 




w 

3 

O 

5 c 8 

5 d 1 

5 d 3 

9 PS 

5 d 7 

6b2 ■ 

6 b 3 

6 b 5 

6 c 5 


w c*- 

>* 
c .tr 


CO 

© ® fA O) 
cn 3 © qj 

c « © 

(0 to 05 C 
-C *-P 5” 

O * © -_ 

® -c © 
D > n L 
C 'f= 3 

"Soo 

g g| te 

£ 8 § ” 

<o « n 


-s g 

■O v 


— "O 

s § 

I § 

E 2 

% ® 

-gj 
* £ 


X 8 o 


0 *2 
to © 
0 3 

*5 .£ 

CO 4-> 

| 8 

*. -2 

C ^ 
O T> 

§.£ 

§ §■ 
O 0 


0 

_ ca 

! = 
5 2 

o © 
© 

E » 

CO 

o © 

> P 

> © 


O 2 


0 3 
IS 0 

© © 
Q. -P 

0 r 

s: oi 


© O) 
- £ 
© x> 

5 o 


2 -o -g I 


w N3 ® S 

! | § S -8 

I = 3 - 

c o co 
<n © ® 

= 2Sg 

| 8^1 

^ 0 0 75 

© » _ 

i > © 0 © 

g w P C 
© © c .2 
C £ ® OJ 
C c c © 

o & o *- 
O w -o ♦- 

•o c 5 =6 

§ ® 8 £ 

® § * “■ 
c a o -o 

§ 

® l^®^- 

€ = c ra E 

® 5 I S’.® 

S2^|o 

flj p w ^ flj 

e S’ 5 ® 
S o -o B E 


0 

Ji 

g © 

> .c 

€ S 
© 2 

c E 
c o 

8 2 

*D © 
c £ 

© 

© s 

c © 

o a 

f .§ 

o 

<0 ■£* 

c -g 
® E 
E ® 

® g . 

® « « 

>n *S 5 © 
0 © - 
^ 3 tr 

TS f 2. 

i I S 

> « a 


c** 
_ <0 
© 0 
£ 3 

CO 

I* 

x= 0 
© > 


P c 
c 

0 o 

0 a 

1 o 

2 >* 
.0 

*0 c 

© E 

.2 to 


2 O 

0 E 

£ 2 

2 § 
< E 


© 

° ^ 

OOT 3 
C- 4= C 

Is© 

He® 

E © .E 

T 3 ® E 

L. — J 

0^-0 

8 ° 0 

T 3 "S O 
C N ‘S 

« i 5 

CO © 

05 C 
J w o 

a o -2 
0 o 
>, © E 

8 I 8 

g 8 o 

® 3 XJ 

© o g 

<3 i 2 «- 
1 ” I !> 

# i o ® 
> E a ^ 


o c 
o .2 
E To 

Jr Q- 
O © 

-o 

0 © 

2 

OT 5 
0 © 

0 

E 

0 

p ^ 

S 0 

8 £ 

-= <0 

g c 
.E w 

S. tt 
0 o c- 
0 >% 

■G c - 

^ o > 

0 «5 © 

2. © w 

© 05 

®- © g 
|T8 o 
I J E 


I. o 
off | 

•p © © o 

C -n u 
O 0 05 Q. 

O © ^ 

w O o £ t 

O _ 0 ^ 

O S, m CL > 

E c tr -o 2 

© B © 05 

^ O * ® 2 

*o *0 83 .2 
o E © © c 

E © © 0 

co £. % £ £ 

® *n ^ 

w _ i- .£ c 

co ® .E 0 o 

8^0 g* ■ 55 

2 « ® So 

Q ^ r- U. 

t; t m 

0 _c 2 © >n 

^ 2r CL co T3 


■I5s © O 

a ® 0 .o 

0 ^ ^ o 

•n O' t. O TN 

m w O Jr r 

" e | £ S 

© ♦; E © 

jC 0 JZ C 

2> co o 5 .2, 


u 

in - ^ 

u g 

cQ 

Q. <4-t 

If 0/5 

00 * 
-o *a 

3 i 

i § 

C o 

IV 

0 ^ 

M ^ 
t-- e 

•S r 

I'<2 sg 

19 V 3 
W > 50 

3 ■« „ 

c «5 2 

Ki) 

u?S 

ts Uh 
■ * o If 

if2 

S c£ « 
=2 vH I 

■ 5 ! «j u 

£ g* 

a § 


vn cr .2 

U ^ 3 

^ -I 

U "S ^ 

® Q -& 

■8«AS 

s c J 

lla 

l| II c 

Tf Tt 4> 

3 g 

4> *o “3 
ia o ^ 
X cr 

— cd 

o » S3 
56 ^ £ 

s | 9 

^ _CJ 

U (« u 
«n 

!« 2 ^ 
p -S © 

in’ 

1 fef 

2 £ J8 

§ 0 o 

l| 

¥ 1" 2 

u A jj 

^ - 00 
2 4 > u 

^ i | 

s » J 

3 S II 
S.S2 

4) T3 . 

I § ^ 

I 8 E 

> C ?> 


CM * 
O CM 


o 





0 


co 


to 


o> 


CO 


CO 



00 

CO 

co 


p. 

CM 

h- 


T~ 





y- 

T~ 


*ff < 


(0 


o 


CM 

x 

X 

X 

X 


X 

X 

T- 


X 

X 

X 


X 


O 

X 

X 

X 

X 


X 

X 

0) 

X 

X 

X 

X 


X 

X 

00 


X 

X 

X 


X 

X 


X 

X 

X 

X 


X 

X 

CO 


CO 

CO 

T- , 


CO 

CO 

to 

T“ 

CM 

CM 

CO 


CM 

CM 

Tf 

CM 


CM 

T- 


CM 

- 

CO 



CM 

y- 


CM 

- 

CM 

CO 


CM 

T- 


CM 

- 


CO 


CM 

CO 


CM 

- 

Am 

O 

CM 

CM 

CM 

CM 


CM 

CM 

* 

4-» 

0 

0 

3 

O 

CM 

0 

CD 

CO 

CO 

CM 

-O 

> 

CO 

> 

00 

m 

> 

00 

0) 

> 

00 

c- 


n5 c o 
10 0) ■*■“* 


0 E ^ 
o o 2 

'cn o 

o *3 

°c& 

05 .t (0 
3 t? O TJ 

^ O) J5 

Q_ 0 

C ^ = C 
CD > C 

° ® * -o 
T3 3 ,-S. ® 
J= 0 CD n? 

S to o s 

5 2 £ o. 

c § 2 £ 

O ® ® ~ 


1 — 
g> c o 

_o 0 p 
o r iS 

.C 0 ® 
O CD 


CD 


r S <0 »w 

O *_ ® ^ 

fS =r C ■*£ 

-2 CD CD 0 i2 

“ 1 0 O §. 

CD O 

CL 


CD 


W 

Q} t_ 


(0 


: _ »v w 

| 1 f « * S 

F S= 0 


O “ £ 05 J2 a) 


© 


0 

<0 ” 
_ ® “D 

■£ c 
<0 cd 

P o 

® u 

s j is 

O £0 X o 

P (D 

O .h rt o 
9* > £ £ 
c — © . 


Jr co 
w o ~ 

^ co.E-— 
tj 3 o o 
00 c — 

3 C C -n 

W | CM ® 2 — 

K j§3sf! 

£■0 s-°«>. 

E c 2 o 
— C t 
« eg * 


0 


to c O 


fl> tr 

9* « 

co UJ 


(0 0 


fSfilSS* o 


a O 


C 3 


CD 0 
0 


C C 


« ~ X 


o 


O 2 = 


8 5 £ I 


J2 j5 O) 

© -p 
^ OLT3 

rn 0 0 

g O Jr 
*- to 0 

O) 3 ^ 
0 0 0 


“ 3 =F 


« ^ 0 

r° e 
° ©« 
>< o C 
0 C 0 
CL 0 JO 


♦r 2 0 


0 t: p 


v- ^ r- *3 

w r — 


§1i«IIS8 


£ F 

«_• i— 


c 0 
- E 
>* tr 

D ® £ 0 

© :* > a. 

»- 0 0 c 

O 4- C 

T3 — CD O 
3 O 

a 0 
0 0 -rj 

2 0 3 

E *0 g 


j£ O "O "55 

€ S g s 
0 0 0 
— c >> o 
*- o .*£ ® 

® » ffl i 

5 £ &° 


c 


5 8 -2. 


|9 

'iz 

r- c 

.iS 

tsifi 


.» o 
w 

g ■a 

<u rt 


U s 4 —■ 

•n « ^ 


o> 

m*m 

x> 

" * HM 

t: 11 

0 


ta — 1 

tS 

S ^2 

It 

1 

rf 

rt « 

u 

4> 6 


3 § 

flL> 

"O a 

<5 

S §• 

•8 £ 
(A oc 


i *p 

1 8® 

G S ^ 


CO 

CO 
• • 

cm 


co 


CVJ 


CM 


CM 


CM 


CO 



< O 


00 

- 

r- 








r^. 

- 

- 

- 

T- 



CM 

r- 

CM 

CO 

T— 

- 

- 

- 


CM 

CM 

CM 


CM 

IjO 

- 

- 

- 

T- 

T. 

T 




y— 


CO 

-—-----, X 

CM 

X 

X 

X 

X 

X 

X 

X 

X 

x 


X 

X 








O 

X 

X 








05 

X 

X 

X 

X 

X 

X 

X 

X 

x 

00 

X 

X 

X 

X 

X 


X 

X 


h- 

X 

X 

X 

4 

X 

X 

X 

X 

X 

x 

CO 

CO 

CO 

CM 

CM 

CM 





in 

CM 

CM 

- 

y— 


CM 

CM 

CM 

CM 

rt 

- 

- 

*- 

CM 

CM 



CM 

CM 

CO 

- 

- 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CM 

- 

- 

5 

5 

5 




• CM 

ha 

- 

- 

CM 

CO 

CO 

CO 


CO 

P 0 

o 

CM 

CM 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

*- 

« 

• 

D 

o 

O 

> 

00 

u> 

> 

00 

1 a 3 

1 a 4 

00 

CO 

1 c 2 

1 d 6 

1 d 8 

05 

*o 




(0 


a 2 




05 


o *= 


O (0 w 


3 o ffi c 
8 O 8 £ 


O £5 


a 


s 


c ^ 5 ® 


c 

s i *8 

®-g 3 

b -Q 
O „Q ® < 

•i g g ? 8 

a s i o s 

2 « -2 oj3 

2 2 T> - ® 

o c <S . 

2 o g | o 

g E 6> ^ c 

? ® -o <> • S O 

C tr <- w *- ^ 

E c « ® '5 8 

o) « -a §T S 

o « i § 2 J 
§. <2 ® ® _ E 
to as >r c ® 

r O C k. 

E « • E “ » 
. E « J ? a 

; s If I * 

5 e § s -g« 

£ o § ® E> ro 

> OiD O O r 


■g .2 

tn +* 


« o 
E 2 


S 


b O 


I =! 
ill 

a> £ os 
_ c 

Is? 


~ c * o 
® “ 2 ** 
s ? & 2 

>8| 

co E 


co 2 


» 


5 2 


05 


RJ o 


(0 


as 


.= tt 


n c u w 

8 > £ 05 


CO 


CO 


CO 


CNJ 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


4J 

1 

« 

D, 




O 

I- 


eo 

j 


CO 





Ok 

a 


a> 


00 


.r hv 


.2 <£> 


in 


co 


CO 


_ 


y- 

T- 


h- 

V- CM 


_ 




r- 

CO 

T- CM 




CM 

T- 

- 

in 




<T- 


- 

^ i 

CO 

CM 

X 

X 

X 

X 

X 

X 

- 

o 






X 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 



X 

X 

X 

X 

X 

X 

X 

X 


CM 

T” 



CO 

- 


CM 


f\j r- CM CM 

CO 

CO 

CM 

CO 


CO 


CM 


CO 


CM 


CM 


u 

i 


CM 


CM 

CO 

CM 

CO 

CO 

CO 

o 

-r- 

CM 

CO 

*o 


- 


O X 


o 


c CD © 

210-5*; - 


CD O 


E £ 


CO 


CD ^ 


CO 


© 


S §.? 

'i f « 

U rt H 

2 c © 

CO 


Cu r“ CO 

To ^ 2 


co —, ^ 


*- I <0 


o 5 £ O 


h 3"P 


© _ g ' o 

5sli 

j“ "C 

$ 2 § 3 


CM 


CO 


« CO 
? <0 
© o 


CO 


<0 


<0 


° *55 g TS 

+± CO 3 

C ® ^ x, 

® *- v-^ n 

p a. E 2 ^ 

r X Jr ax ^ 

£ © £> © O 

.h - © *“ 

I! 1 g » 

® f * § e 

a) ^ i: O £ 

o © o O 

® S *n “O r 

CL © ? C "E 

(/) O) c 


© -P 


(0 © 


© 


O .ii 


^ X) O o 

rrl *- «— 


.. w 
© h. 


-9 n tS « ~ S 


-= a s « 


© 


© © 

© 

ft s © 


_c_c © 

P ** XJ 
«- w 3 O 
O o ~ X) 

« -9-2 

^ o E 2 

£ a. © © 

£ $ £ C £ 
^ m Q. © © 

£ © .. E *° 

© T3 C k- 

d .2 © ° 

© © »= *3 ^ 


C CO — 5 C o 


© 


© 


*= > •= CL 


«0 


© 


C 3= ^ 
© © $ 


§ 


CM 


CO 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CO 


o 

CM 


(O 




in 


t 

ID 


uf 



co 



co" 


2 * 
g 00 x 

3 ► 

-J S j 

•* Ml ■ - ■ 

• r 

if ^ CM 

? * <N 

c —— 

2 * 2 04 

S CNi CNJ 

£ o- 

^ n 

# T- CV 

+* «5 "TZ“ ■■■■■' 

• • 7T 

jf O O w 


3 % 

O © 

Owl 


CO O'* O 

iH1|. 

• c _§> *«- w 


si 

f !sf 

© e5 . £ 

^ r O) ® 

° 5 ®. £ 

CO m 
tt O- TR © 


| o 

I § 


mi 

:*f* 

«! IT* 

® (0 g M 

2!tl 

if i§ 


O © 

CO C 

Pf 

:i« 

€^1 

« p 9 

S 8 g 

III 


a # 

I | 

€ * 

— J 
if 
s“ 

OJ § 

1! 

© © 
o £ £ 
- c 

8 0 q> 

© p 

•a ® a 

i M 

5 © 2 

> L. ® 


© 

> 

V <0 
© CO 

?I . 

_ >,£ 

£ 11 ffl 

•| | S =5 « 
® c I g> i 
igc-.il 

ifJMi 
15 8 I s 

■§ 8 2. i 5 

E § g*| a 

® -S « - 8 
* sill 
J jf g So © 

ill 


S’5 

5 © 
- .£ 


© © 

3 < c - 

2 * S § x S 

? ° Sr|s a 

© w_ © O) 5 Q W 
© ° = ® £ 

3 “ ® 8 £ ) 

rifiiji 

♦r .= *o © 

® i i 1 ■§ i 

® = s £ • * I 

cL J € J 9 § g> 

•5=5^111 

«2 £ © o* 3 > 

B (05^ ID 0). 

*p © c*' c ^ § C^* 

® C CO — 5 © CO 

© ® C c O •« m 
♦= a -r E ? 2 w c 

o 3 5 .♦? 5 .£? nj ‘O 

c > c *o c *55 


>» ® -n ©Jr 

1°1 8 

f £; ® § 

°il § 

© £ © O 

| g S, ® 

2 P* 

•o W c c 

8 a I tB 

© ® 5? £ 

S2 5 8. © 

3 « C © 

®! 8 * 

® <g >w © 

ill & 

m C C 

x: o c o 

mi 

j? e § • 
5 85 8 


I* 

.2 3 
3 O 

8>8 

V. >, 

© .2 

8 

s •$. 

•j € •§ 

•a « 2 

Sf §> 

T3 (E & 
= ? 6 
3 _ 

© o 

* E © 

© © © 

« 8 | 

5-8 2 

§ E £ 


TJ 6 

11 

1 si 

■S'* s 

sii 

°iJ 

■6 a, 8 

3 8 J 

ffl s * 

>o O’! 

J 

HI 

®?l 

^ w-i E 

3 g Ji 

li 1 : 

$> 4 l 

fill 

ail 

^ C/5 OtJ 

2 11 s 

12$ 

« « 4 

m >—• m 

U »i i_ 

ill 

8 

II if 

« - “ 

III 

* “ J 

3 §4 

Si~ 

1 & s. 

I 8 E 

> c w 

|il 1 

L/ M -H ^ 





Critical Questions That Would Utilize A Lunar Base 
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TABLE 8 


CRITICAL QUESTIONS THAT WOULD UTILIZE ROBOTIC MISSIONS LISTED BY 

CATEGORY AND CRITICALITY 


CATEGORIES ^ . ui 

1 * Environmental Health and LHe Support Systems (EHLSS) are designed to protect the crew from inhospitable space and 

planetary environments. 

2 * Countermeasure Systems (CS) are designed to continuously compensate for detrimental physiological and behavioral 

manifestations of the space environment (e.g., microgravity, confined volume, radiation). They must provide acceptable 
mission performance and postflight recovery when: (1) EHLSS designed to provide habitable environmental conditions 
for the crew are not totally feasible because of mission design or inadequately of scientific or technological basis, or 
where cost and schedule are prohibitive; or (2) partial EHLSS failures occur, until appropriate remedial action is taken. 

3 » Medical Care Systems (MCS), designed to handte ilness and juries based on probability of occurrence, restore crew 

health for continued mission performance, or stabilize an i or injured crewmember for rescue. MCS are also designed to 
handle illness or injuries resulting from failure, degradation, or maintenance of EHLSS or CS systems, but only temporarily 
until function is restored to the EHLSS. 

4 » Science Specifically enabled by Moon andfor Mars Missions. 

5 » Basic Research Not Directly Appticable to Moon and/or Mars Missions. 

* * Indicates primary category of application. 


CRITICALITY 


Criticality 1: Consensus that answer is required for Mars mission, (known effect and known problem for mission).* 
Criticality 2: Answers might be required, science basis to evaluate risk is not adequate.* 

Criticdity 3: Required for practical optimization of resources (or countermeasure effectiveness) and minimization of risk. 


Criticality 4: Important science which is relevant to exploration mission. 


* Crewmembers must be able to effectively perform mission tasks in transit vehicles and on planetary surfaces; and must recover in 
e reasonable time from wty detrimental effects to lead normal, healthy lives upon return to earth. 


i. 


z 


a 


4 


& 


a 


7. 

a 


a 


Science Readiness Levels 

1. Only folklore of practitioners and anecdotal data available 

2 Bade scientific concept formulated 

3 Ground models developed, flight validation required 

4 Fight validation p ertfarmed 

5 Countermeasures Identified 

a Countermeasures tested 

7. Operational requiramams established 
Technology Readiness Levels 
1. Technology need Identified 

2 Technology end concepajal solution svalabt# 

a Componsnt andtor breadboard validation in l a boratory 
erwironment exist 
4 Fight validation p erformed 

6 SystamWsubsystsm prototype demonstration In a relevant 
ground or space environment completed 

a System prototype demonstrated In a space environment 
7. Actual system complete d and fight quafified through wet and 
Demonsvation 

a Actual system "flight p rove n * through s uoos ssfol mission 
operations 

Schedule (information required by) 

1. - Near term <5 years 

2 » Ud term $-10 years 

3 * Far term > 10 years 

Effort Required 

1. ■ Substantial 

2 • Moderate 

a ■ Low 

Defined Sequence ( Cl early de fin ed sequential path for scientific 
investigation exists) 

1. - Yes 

2 - No 

PsrsieirAlternative Path (are paraM or aitomatke patfiways 

appropriate) 

t. - Yae 

2 • No 

Ground-based 

X ■ Ground-based research required 


10. Centrifuge 

x - SSF Centrifuge Facility would be used 

11. Free Flyer 

x - Free flyer bioeatellits 

12 Lunar Base 

x - Lunar base would be used 

ia Robotic Explorer 

x « Robotic explorer would be used 

14 Other Requirements 

x ■ Requirement for flight resources other then those 

IdsntiAed inS-10 

18L Fight Vaftdation Required 

1. - Right validation required 

2 - Not required 

1& Facflities Sufficient 

1. • Current ground focitiee (NASA Centers, Universities 

and pra^de indusey) are sufldsnL 
2 » Current ground facilities insufficient 

17. Community Sufficient 

1. - There Is a sufficient scientific community already 


2 - Scientific community Is insufficient 

14 Attract Naw Community 

1. ■ Activity wU attract naw sciarrtists 

2 « Activity wi not attract naw scientists 

ift Group with other dtsdpttnss (can this actMty be grouped with 
others from different lie science disciplines?) 


1. 

2 

a 

4 

& 

a 

7. 

a 

ft 

ia 

ii. 

12 


No, cannot be grouped 
Do not know wills time 
Behavior, Performance and Human Factors 
Regulatory Physiology 
Cardiopulmonary 
Environmen ta l h e a lt h 

Neuroscience 

Radiation Health 

cal and Develop m en t al Biology 

Plant Biology 

Ufa Support 


5pafftlah 

x - Spacsleb would be used ter research 

EDO « S pa c el a b needed ter Extended Duration Orbitar 
Program teaaarch 
SSF 

x - Space Station Freedom would ba used 
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Table 8 Critical Questions That Would Utilize Robotic Missions 

Listed by Category and Criticality 
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TABLE 9 


CRITICAL QUESTIONS THAT WOULD UTILIZE FREE FLYERS LISTED BY CATEGORY 

AND CRITICALITY 


1 * Environmental Health and Life Support Systems (EHLSS) are designed to protect the crew from inhospitable space and 

planetary environments. , J . ........... 

2 * Countermeasure Systems (CS) are designed to continuously compensate for detnmentai physiological and behavioral 

manifestations of the space environment (e.g., microgravity, confined volume, radiation). They must provide acceptable 
mission performance and postflight recovery when: (1) EHLSS designed to provide habitable environmental conditions 
for the crew are not totally feasible because of mission design or inadequately of scientific or technological basis, or 
where cost and schedule are prohibitive; or (2) partial EHLSS failures occur, until appropriate remedial action is taken. 

3 . Medical Care Systems (MCS), designed to handle illness and injuries based on probability of occurrence, restore crew 

health for continued mission performance, or stabilize an ill or injured crewmember for rescue. MCS are also designed to 
handle iUness or injuries resulting from failure, degradation, or maintenance of EHLSS or CS systems, but only temporarily 
until function is restored to the EHLSS. 

4 - Science Specifically enabled by Moon and/or Mars Missions. 

5 * Basic Research Not Directly Applicable to Moon and/or Mars Missions. 

* ■ Indicates primary category of application. 


CRITICALITY 

Criticality 1: Consensus that answer is required for Mars mission, (known effect and known problem for mission)/ 

Criticality 2: Answers might be required, science basis to evaluate risk is not adequate.* 

Criticality 3: Required for practical optimization of resources (or countermeasure effectiveness) and minimization of risk. 
Criticality 4: Important science which is relevant to exploration mission. 

‘Crewmembers must be able to effectively perform mission tasks in transit vehicles and on planetary surfaces; and must recover in 
a reasonable time from any detrimental effects to lead normal, healthy lives upon return to earth. 


1 Science Readiness Levels 

1. Only folklore of practitioners and anecdotal data available 

2 Basic scientific concept formulated 

3 Ground models developed, flight validation required 

4 Flight validation performed 

& Countermeasures identified 

a Countermeasures tested 

7. Operational requirements established 

2 Technology Readiness Levels 

1. Technology need identified 

2 Technology and conceptual solution available 
a Component and/or breadboard validation in laboratory 
environment exist 
4 Flight validation performed 

& System^sub system prototype demonstration in a relevant 

ground or space environment completed 
a System prototype demonstrated in a space environment 
7. Actual system completed end Right qualified through test and 
Demonstration 

a Actual system "flight proven" through successful mission 
operations 

a Schedule (information required by) 

1. ■ Near term < 5 yean 

2 • MkJ term (MO yean 

a .Far term > 10 yean 
4 Effort Required 

1. . Substantial 

2 > Moderate 

a - Low 

& Defined Sequence (Clearly defined sequential path tor scientific 
investigation exists) 

1. - Yes 

2 - No 

a Parallel/Alternative Path (art parallel or alternative pathways 

appropriate) 

1. . Yes 

2 - No 

7. Ground-based 

x • Ground-baaed research required 

a spaosiab 

x - Spaceiab would be used for research 

EDO > Spaceiab needed for Extended Duration Orbiter 

Program research 

a ssf 

x . Space Station Freedom would be used 


ia Centrifuge 

x - SSF Centrifuge Facility would be used 

11. Free Flyer 

x . Free flyer biosateiiite 

12 Lunar Base 

x - Lunar base would be used 

13 Robotic Explorer 

x - Robotic explorer would be used 

14 Other Requirements 

x . Requirement for flight resources other then those 

identified in 6-10 

15 Flight Validation Required 

1. - Right validation required 

2 - Not required 

ia Facilities Sufficient 

1. > Current ground facilities (NASA Centers, Universities 

and pro^de industry) are sufficient. 

2 * Current ground fact!(ties insufficient 

17. Community Sufficient 

1. a There is a sufficient scientific community already 

committed or rooruitabto 

2 a Scientific community is insufficient 

18. Attract New Community 

1. a Activity will attract new scientists 

2 a Activity wifi not attract new scientists 

ift Group with other disciplines (can this activity be grouped with 
others from different fife science disciplines?) 

I. a No, cannot be grouped 

2 a Do not know at fas time 

2 a Behavior, Performance and Human Factors 

4 > Regulatory Physiology 

& a Cardiopulmonary 

& a Environmental health 

7. a Musculoskeletal 

a a Neuroscience 

ft a Radiation Health 

10. a Cel and Developmental Biology 

II. - Plant Biology 

12 * Life Support 


Table 9 







Table 9 Critical Questions That Would Utilize Free Flyers 

Listed by Category and Criticality 
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Table 9 Critical Questions That Would Utilize Free Flyers 

Listed by Category and Criticality 
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represent a normal microgravity-associated 
adaptive process (self-limiting) or a transient 
response (self- correcting) to changes brought 
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TABLE 10 


Critical Questions by Deliverables 


CATEGORIES 

1 = Environmental Health and Life Support Systems (EHLSS) are designed to protect the crew from inhospitable space and 

planetary environments. 

2 = Countermeasure Systems (CS) are designed to continuously compensate for detrimental physiological and behavioral 

manifestations of the space environment (e.g., microgravity, confined volume, radiation). They must provide acceptable 
mission performance and postflight recovery when: (1) EHLSS designed to provide habitable environmental conditions 
for the crew are not totally feasible because of mission design or inadequately of scientific or technological basis, or 
where cost and schedule are prohibitive; or (2) partial EHLSS failures occur, until appropriate remedial action is taken. 

3 = Medical Care Systems (MCS), designed to handle illness and injuries based on probability of occurrence, restore crew 

health for continued mission performance, or stabilize an ill or injured crewmember for rescue. MCS are also designed to 
handle illness or injuries resulting from failure, degradation, or maintenance of EHLSS or CS systems, but only temporarily 
until function is restored to the EHLSS. 

4 = Science Specifically enabled by Moon and/or Mars Missions. 

5 * Basic Research Not Directly Applicable to Moon and/or Mars Missions. 

* = Indicates primary category of application. 


CRITICALITY 

Criticality 1: Consensus that answer is required for Mars mission, (known effect and known problem for mission).* 

Criticality 2: Answers might be required, science basis to evaluate risk is not adequate.* 

Criticality 3: Required for practical optimization of resources (or countermeasure effectiveness) and minimization of risk. 
Criticality 4: Important science which is relevant to exploration mission. 

•Crewmembers must be able to effectively perform mission tasks in transit vehicles and on planetary surfaces; and must recover in 
a reasonable time from any detrimental effects to lead normal, healthy lives upon return to earth. 


1 . 

Science Readiness Levels 

10 . 

Centrifuge 



1 . 

Only folklore of practitioners and anecdotal data available 


x « 

SSF Centrifuge Facility would be used 


2 

Basic scientific concept formulated 

11 . 

Free Flyer 



a 

Ground models developed, flight validation required 


x * 

Free flyer biosatellite 


4 . 

Flight validation performed 

12 

Lunar Base 



a 

Countermeasures identified 


x - 

Lunar base would be used 


a 

Countermeasures tested 

13 . 

Robotic Explorer 


7 . 

Operational requirements established 


x * 

Robotic explorer would be used 

2 

Technology Readiness Levels 

14 . 

Other Requirements 


t. 

Technology need identified 


x - 

Requirement for flight resources other then those 


2 

Technology and conceptual solution available 



identified in 6-10 


a 

Component and/or breadboard validation in laboratory 

15 . 

Flight Validation Required 



environment exist 


1 . 

Flight validation required 


4 . 

Flight validation performed 


2 

Not required 


a 

Systems/subsystem prototype demonstration in a relevant 

16 . 

Facilities Sufficient 



ground or space environment completed 


1 . 

Current ground facilities (NASA Centers, Universities 


a 

System prototype demonstrated in a space environment 



and provide industry) are sufficient. 


7 . 

Actual system completed and flight qualified through test and 


2 

Current ground facilities insufficient 



Demonstration 

17 

Community Sufficient 


& 

Actual system "flight proven" through successful mission 


1 . 

There is a sufficient scientific community already 



operations 



committed or recruitable 

a 

Schedule (information required by) 


2 

Scientific community is insuffioent 


1 . 

- Near term < 5 years 

18 . 

Attract New Community 


2 

- Mid term 6*10 years 


1 . 

Activity will attract new scientists 


a 

* Far term > 10 years 


2 

Activity will not attract new scientists 

4 . 

Effort Required 

19 . 

Group with other disciplines (can this activity be grouped with 


1 . 

- Substantial 


others from different life science disciplines?) 


2 

» Moderate 


1 . 

No. cannot be grouped 


a 

* Low 


2 * 

Do not know at this time 

& 

Defined Sequence (Clearly defined sequential path for scientific 


2 ■ 

Behavior, Performance and Human Factors 


investigation exists) 


4 . 

Regulatory Physiology 


1 . 

* Yes 


5 . ■ 

Cardiopulmonary 


2 

- No 


& 

Environmental health 

& 

Parallel/Alternative Path (are parallel or alternative pathways 


7 

Musculoskeletal 


appropriate) 


& ™ 

Neuroscience 


1 . 

* Yes 


a 

Radiation Health 


2 

- No 


10 . 

Cell and Developmental Biology 

7 . 

Ground-based 


it. 

Plant Biology 


X 

■ Ground-based research required 


12 m 

Life Support 

& 

Space! ab 





X 

- Space lab would be used for research 





EDO 

- Spacelab needed for Extended Duration Orbiter 






Program research 




a 

SSF 






X 

« Space Station Freedom would be used 





Table 10 




Legend for Deliverable Identification Numbers on Table 10 
Reference to Volume 1 Section II 


Item 

Table 

Title 

i 

11-1 

Determine the planetary and transit radiation environment, including fluence, flux, energy, and linear 
energy transfer spectra of the radiation 

2 

11-1 

Provide data on radiation shielding characteristics of regolith 

3 

11-1 

Provide data necessary to utilize regolith as a raw material for bioregenerative life support 

4 

11-1 

Identify potentially toxic materials 

5 

11-1 

Provide data oa sources of water and oxygen 

6 

11-1 

Identify potential sources of back contamination by biological materials 

7 

11-1 

Equip orbiters and rovers to study effects of radiation, microgravity, and magnetic fields on suitable 
organisms 

8 

11-1 

Equip orbiters and rovers to incorporate appropriate exobiology studies 

9 

11-1 

Develop sterilization technologies for vehicles landing on Mars 

1 0 

11-1 

Develop technologies and protocols for sterilizing, sealing, and monitoring samples returning to Earth 

1 1 

11-1 

Conduct risk analysis for development of policy regarding planetary contamination 

12 

11-2 

Data from robotic MSRO and MSVR mission required for EHLSS, CS, and MSC systems 

13 

11-2 

Data for Planetary Protection Program 

1 4 

11-2 

Experimental results from Exobiology 

1 5 

11-3 

Define acceptable human health and safety limits for quality and quantity of water, food, and 
atmosphere 

1 6 

11-3 

Identify requirements and technology for food storage, processing, and preparation 

1 7 

11-3 

Verify life support system capability for EVA and EHA, and provide enhanced technologies 

1 8 

11-3 

Identify requirements and technology for real time monitoring systems for air, water, and surfaces 
quality 

1 9 

11-3 

Determine requirements for lighting, work-rest schedules, privacy, odor, etc.; and identify means to 
design habitable facilities 

20 

11-3 

Provide basis for optimum design of human-machine interfaces 

21 

11-4 

Verify sufficiency of expendable supplies and physico-chemical regenerative technologies for early 
missions 

22 

11-4 

Regular update and refinement Of mission scenarios, planned crew activities, and design decisions 

23 

11-5 

Human Factors Stimulators 

Ground-based analogs including transit vehicle simulators and planetary habitats simulators will be 
used as testbeds for medical protocols and countermeasures development. 

24 

11-5 

Human-Rated Ground-Based CELSS Testbed 

Will be used to develop and validate research and technologies required for an operational 
bioregenerative life support system and to address environmental, health, and safety issues. 

25 

11-5 

Life Sciences SSF Testbed 

Will be used for validation of life support, medical care and countermeasures under operational 
conditions for transit vehicles. 

26 

11-6 

Characterize deep space radiation environments 

27 

11-6 

Determine the human radiation dose limits for space missions (protons and GCR) 

28 

11-6 

Provide solar event warning capability 

29 

11-6 

Provide protection from radiation (protons and GCR) 

30 

11-7 

Data on deep space radiation environment from precursor missions and any other deep space missions 

31 

11-7 

Data on the radiation shielding characteristics of feasible spacecraft materials and regolith 

32 

11-8 

Provide criteria for design and operation of bioregenerative components of a life support system 
that, as a minimum, provides partial recycling of oxygen, water, carbon dioxide, and waste 

33 

11-8 

Provide trade-off analysis comparing expendable, PC, integrated PC-bioregenerative, and 
predominantly bioregenerative life support systems 

34 

11-8 

Provide criteria for design and operation of a predominantly bioregenerative life support system 
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3 

5 1 

1-8 

3 

6 1 

1-8 

3 

7 1 

1-8 

3 

8 1 

1-8 

3 

9 11-9 

40 1 

1-9 

4 

1 1 

1-9 

42 1 

-10 

43 II 

-10 

44 II 

-10 

45 II 

-10 

46 II 

-10 

47 II 

-11 

48 II 

-12 

49 

II 

■12 

50 

II- 

■12 

51 

II- 

•13 

52 

II- 

14 

53 

II- 

14 

54 

II- 

14 

55 

II- 

14 

56 

II- 

14 

57 

II- 

14 

58 

II- 

15 

59 

II- 

16 

60 

II- 

16 

61 

II- 

16 

62 

II- 

16 


Legend for Deliverable Identification Numbers on Table 
_ Reference to Volume 1 Section II 

Title 

support systems Pr<?C0SSin9 ’ ^ preparation tech "°logies for food produced in bioregenerative life 

Provide mathematical models for simulation, design, and operation 
Provide technologies to use regolith as a resource in bioregenerative life support systems 
Establish nutritional and behavioral requirements for fresh food on long duration missions 
Data on oxygen and water availability 

Data on composition and characteristics of regolith 
Data on radiation environment throughout mission scenario 

Provide the criteria for design and operation of CS (e.g., exercise, dietary, pharmacological 

mechanical, physiological, training) for human adaptations (e.g., musculoskeletal, cardiovascular 
physiological, neurological, and cellular) to microgravity 

Provide the criteria for design and operation of CS for human adaptations to the Moon (0 16q) 
environment ' y; 

Provide the criteria for design and operation of CS for human adaptations to the Mars (0 38a) 
environment v * y/ 

Provide trade-off studies for CS alternatives (including human centrifuges) 

Provide criteria for design and operations of CS for readaptation to Earth 

Mission scenarios, including a timeline with duration of exposure to the various levels of hypoqravitv 
and a description of the expected activity (including EVA and EHA) during the increments 

Provide the criteria for design and operation of countermeasures for human responses to space 
vehicle and planetary base environments not specifically related to hypogravity (e.g. atmosphere 

toxins, food quality, confined volume, light, restricted human interaction, privacy, recreational ’ 
activities, esthetic diversity, and stress) 

Provide criteria and protocols for crew selection, training, and scheduling to mitigate effects of 
space flight environmental factors 

Provide trade-off studies for countermeasure alternatives 

Mission scenarios including timelines for activities including EVA and EHA 

Provide the criteria necessary to design and equip health maintenance facilities (including EVA and 
EHA risks) for Moon and Mars transit vehicles and bases 

Develop preventive medicine, and monitoring, therapy and treatment protocols for exploration 
missions 

Provide telemedicine capability for medical contingencies 
Provide medical criteria for crew selection 

Develop the medical training protocols for exploration mission crews 

Provide protocols for post mission health monitoring and care 

Mission scenarios including timelines and activities such as EVA and EHA. 

Provide science and technology requirements necessary to design the laboratory for Moon base 

Provide science and technology requirements necessary to design Mars transit vehicle research 
facilities • 

Provide science and technology requirements necessary to design laboratory for Mars base 
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Table 10 Critical Questions Listed by Deliverable from Volume 1 Section II 
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